
Number 1 


The 







NTON RADIO CORPORATION -BOONTON, NEW JERSEY 


The Nature Of Q 

W. CULLEN MOORE Engineering Manager 

A discussion of the physical concept underlying a familiar and useful but not 
always fully appreciated t quantity -- “Quality Factor" 



Figure 7. The Importance of th e quontlty 0 in the analysis of electronic circuits and com. 
ponents has made the Q Meter a familiar lohorotory tool. Here , H. J. Long, BRC Sales 
Engineer , is chocking the accuracy of a 0 Meter Type 260-A with the new Q*Standard. 


The familiar symbol, Q, has something in 
common with a certain famous 19 th century 
elephant of Indostan. You may recall that in 
the poem six blind men each investigated the 
same elephant with the agreement that they 
would report their findings to ea^h other and 
thereby determine the true nature, of an ele- 
phant. One chanced to touch the side of the 
elephant and reported 'God bless me! But 
the elephanl is very like a wall." Another, 
touching the rail, proclaimed an elephant was 
like a rope. The third, chancing upon a leg, 
avowed me elephant to be kind of a tree, and 
so on. The confusion of reports prompted the 
poet to observe in conclusion that, "Each was 
partly in the right, and all were in the 
wrong." 

And so it is with Q. The concept of Q 
which each engineer favors is the one based 
on the way in which he uses Q most fre- 
quently. It might be to describe selectivity 
curves^ or the resonant rise in voltage, or the 
impedance of a parallel resonant circuit, or 
the envelope of a damped wave train. If one 
were to ask for a definition of Q, the most 
common response probably would be "Q 
equals (uL/R*". But like the description of 
the elcpKant, this too is partly right and part- 
ly wrong. The reason is. that while one can 
obtain a numerical value for Q by dividing 
the quantity (toL) by R, it tells little or noth- 


Q as a basis for its description, we must look 
for a physical concept* We may then explore 
the implications anJ applications of this con- 
cept in a variety of specific situations. 

Let u$ go one step further in our analysts of 
the expression <uL/R K , It is not immediately 
apparent why this parlicuLtr numerical ratio 
should be chosen to describe certain charac- 
teristics of components and circuits over all 
the either similar ratios which might be set 
up. The reason for this choice once again 
refers back to the concept involved in the 
establishment of a definition for Q. We shall 
See presently that the basic idea leads directly 
to a simple expression by which we can deter- 
mine a numerical magnitude. 

Jn the first place, the Q of a circuit or 
component has practical significance only 
when an alternating current, usually sinu- 
soidal in waveform, ft flowing through it. 
The circuit parameters associated with alter- 


nating currents, namely capacitance and in- 
ductance, have the common characteristic of 
being capable of storing energy. An inductor 
stores energy in the form of ao electromag- 
netic field surrounding irs winding, A capa- 
citor scores energy in the form of polarization 
of the dielectric. Each of these systems will 
deliver most of the stored energy back into 
the circuit from which it came. These com- 
mon characteristics indicate that perhaps we 
should look lo energy relationships for an 
appropriate description of the behavior of 
circuits. 

As mentioned above, most, but not all of 
the energy stored in an inductor or a capacitor 
is delivered back into the total system. If we 
start with this energy concept, we are in a 
position to derive a fgnre of merit for the 
system in terms of its ability to store energy 
as compared with the energy it wastes. 

Continued on Rage 2 


ing about the real nature of Q. 

The expression <jjL/R* is a dimensionless 
ratio and therefore a pure number. As such it 
enjoys no distinction from other pure num- 
bers. If we are to look for the meaning of 
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The Nature oj Q ( continued ) 

DERIVATION OF Q = w ^//? 

Jn describing the behavior of 3 circuit in 
winch an alternating current is (lowing (as 
shown in Pig. 2), it is most convenient TO 
use as our interval one complete current cycle. 
During this interval the system will have 
experienced all of its configurations of energy 
distribution and will have returned as nearly 
as possible to the starting condition. We are 
interested in the ratio of the total energy 
stored rn the system to the amount 0/ energy 
dissipated per cycle by the system. 



Figure 2. Energy relationships In an 
elementary o*c series circuit. 


To calculate the total stored energy, let us 
select that portion of the cycle at which all 
the energy is stored in the held of the in* 
doctor. (This is quite arbitrary, as we could 
just as well assume all the energy to be stored 
in the capacitor.) We recall from electrical 
engineering that the energy stored rn the held 
surrounding an inductor is equal to 1 /2 LT 2 . 
In this case 1 will be the peak current in 
amperes. 

The aewrage power lost in the resistor is 
L/2RJ-, where R, is the total series resistance 
of all elements in the circuit, and I is the peak 
current in amperes. The factor 1/2 appears 
because the (effettive current) = .707 {peak 
current, l), and (.7071) 2 — 1/2I-. 

The energy lost per cycle is equal to the 
average power times the time of one cycle, 
T — (I/f), or L/2RJ-T, 

The ratio of stored energy to energy dis- 
sipated per cycle becomes: 

A L I s _L !L _ f L. _ J_ 2rrf L 

Vi I 2 R S T T R* - R s “ 2(7 Rs 


Hence ; Q = 2 tt total energy stored 

energy dissipated per cycle 

Thus we see that the familiar expression 
giving the magnitude of the quantity Q fol- 
lows directly from the basic concept of the 
ability of a component or circuit to store 
energy and the energy dissipated pec cycle. 

Q JN A PARALLEL CIRCUIT 

The above analysis has been made on the 
assumption of a so-called series circuit which 
assumes all Josses in the circuit to be repre- 
sented by a single resistor in series with a 
lossless inductor and a lossless capacitor. We 
are now interested in obtaining an expression 
for the case in which wt are looking at the 
circuit from the outside, or parallel connec- 
tion, in which the resistor, the inductor, and 
the capacitor are all in parallel as shown in 
Fig. 3 

An equivalent expression for Q for the 
two circuits of Fig> 3 can be obtained most 
readily if we consider the current distribu- 
tions when the applied alternating current 
has the same frequency as the resonant fre- 
quency of the R-L-C combinations. In Fig. 
3-a, the current, l, flowing through the circuit 
from point A to point B is controlled by the 
parallel resonant impedance of the circuit: 

z _ <-i (j ^ l + R ») 

AS (-j -L) +( jfc> L + Rs) 

At resonance; - | & L | - X , 

where | | indicates magnitude, so that 

7 _H*> (+|X+Ra)_ X 2 -jXR* 

ab -j X + j X + Rs Rs 

v 2 

= R7 + <-i*>- 


The absolute magnitude of this impedance is 



Or, Z = 0 >L V Q* -h 1 


For most practical purposes this reduces to: 
Z = Q 6l>L, 

which is the impedance of a parallel reason- 
anr circuit. For the external current flowing 
through Figure 3-a we may then write, l - 
E/QcoL- 

Referring to Figure 3-b, we may consider 
that the combination of C and L t with all 
Josses now accumulated into the equivalent 
parallel resistor R l>p forms at resonance an 
infinite impedance circuit in shunt with a 
finite resistor R Jr . The current flowing 
through such a circuit wiU be l = E/R,,. 

E E 

Equating; — — or, Q o L = Rp 

Qu> L Rp', 

Rewriting: Q = Rp/ <0 L ■ 

where R p = total effective parallel circuit 
resistance in ohms. 

It is convenient to remember that for the 
series case, R„ is in Lhe denominator and Q 
becomes very large as the dissipative com- 


ponent R h becomes small. In the case ot the 
parallel resonance circuit, the larger the shunt 
resistance the larger the value of Q. 

Suromari zs ng: 



1 

ro CRs 


Rp 
to L 


wCRp 


SELECTIVITY 

We have seen how the expression Q = 
q>L/R H can be derived directly from power 
consideration in an R-L-C circuit. By extend- 
ing the analysis of power relationship in such 
circuits we can also derive an expression 



Figure 3. Current dlstri bat ip ns in 
parallel resonant circuits. 


which describes the selectivity, or response- 
versus- frequency, curve for circuits in the 
vicinity of their natural resonant frequency. 

To begin with, we will need to establish 
two points on the resonance curve for refer- 
ence A convenient choice of points is one 
in which Lhe net circuit inductive or capa- 
citive reactance equals the resistance in the 
circuit. These two points can be shown to lie 
at frequencies at which die power in the cir- 
cuit is one hal.f the power at the maximum 
response frequency. (See Fig. 4.) 

Assume thar the reactance equals the resist- 
ance. Then the total circuit impedance is 
equal to the following: 

Z = /R JTX* = 7 R* + Rg 

= 7 2R| = 1.414R S 

Wt must remember that this new imped- 
ance consists of the original resistance plus 
some reactance. Only the resistance com- 
ponent of the impedance consumes power. 
If we apply the same voltage to this circuit 
at the selected frequency as at the resonant 
frequency, the current at the new selected 
frequency will be I f 0.707 I„ where l„ is 
the current at resonance. The power dis- 
sipated in the circuit is then 

w t - 'K - (- 707 v\ - -5 


Let us now see what frequency relation- 
ships are involved. Near resonance, if we 
change the frequency by a small amount 
Af toward a higher frequency, the net re- 
actance of the circuit will change due to two 
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equal contributions in the same direction: 
(1) there will be a small increase m the 
inductive reactance due to the increased fre- 
quency, and (2) there will be an equal 
amount of decrease in the capacitive react- 
ance. The net change in reactance is the sum 
of these two equal changes. The change in 
reactance due to the increased inductive re- 
actance alone is AX, — 2?fAfL, and the 
change in the total reactance is 

AX = 2 ( 2 77 A £L) - 4 rr AfL. 

Choose Af equal lo the di/Terence between 
[he frequency at either of the half power 
points, fj or L x and the resonance frequency, 
f w . Since we have seen that at [he half-power 
points X = R, we can write the two follow- 
ing equations: 

R s = 4rr(f n - t { ) L 
= 4 jt f fl L - 4tt f, L 


R. ^ 4»<* 2 -V L 

E3^4nf 0 L + 4 77 f^ L . 

Ad d i rig these I wo eq uat ions : 

2R — 4 77 ( Im — fj ) 1 

Re-arranging and multiplying both sides 
by f„ 

f o 2n _[ o L _ oyj. _ 

(T7^T7) " R 5 " R„ “ y 

l li is is the application of Q which is most 
familiar to radio engineers; namely, an ex 
pefittfafi of the selectivity of a resonant cir- 
cuit in terms of Q. As we sec above, it is 
based on the power dissipated in the circuit 
at two selected frequencies. 

RESONANT RISE IN VOLTAGE 


Let us now look at another common mani- 
festation of the Q of a resonant circuit ; name- 
ly ihe voltage multiplication phenomena. 

Consider once again the series circuit of 
Fig. 2 having a total equivalent series re- 
sistance, Rs, and a ci.rni bring current caused 
by a small sinusoidal voltage, c, injected in 
series with the circuit. At series resonance 



Figure 4, Resonance curve, sJiow/ng 
ha f (-power 'points. 


the current circulating within the resonant 
circuit is limited only by the resistance and 
will be 1„ = e/R*. This circulating current 
will produce a voltage across the inductor 
equal to E — fi, <pL = (e/K.) (ph. 

The resonant rise in voltage then is 



This is often written 
E — Qe. 

For relatively high values of R* {corre- 
sponding to low Q) wc must also account for 
the drop across the resistor: 

E = l 0 sj R 2 ■*- L 2 

- X . W - e / 1 4-^- 2 

So for this case 

E « esj 1+Q 2 " 

Of course we could just as well have 
analysed this circuit from the standpoint of 
the voltage across the capacitor, but we would 
have arrived at exactly the same results. 

POWER DISSIPATION 


Proceeding directly out of the- method by 
which we derive Q, namely from the stand- 
point of energy, we can see that the net Q 
of the complete oscillator circuit describes 
the manner in which the circuit causes the 
current to flow in alternate directions, and 
describes the energy lost per cycle in the 
process. This lost energy per cydt must be 
made up by the power supply of tile system 
or oscillation will die out. 

We know that a circuit consisting of an 
inductor, a capacitor and a resistor m series, 
which is charged and allowed to oscillate, 
will experience an exponential decay in the 
magnitude of the pc:ik current. This decay 

follows the form ^“2L i The portion 

of this expression R '2L is defined as the 
damping coefficient, and describes the amount 
by which each successive cycle is lower than 
its predecessor, as shown in Fig. 5. If we 
multiply the damping coefficient by the time 
for one cycle, we obtain the expression known 
as the logarithmic decrement of a circuit, 
which includes the effect of frequency. In 
each successive cycle of period T wl obtain 
the following current ratios: 



-S 

= < 


Bui T =jr so 5= or $ = q 
Rewriting: Q --jp 

We see that in this application Q is inti- 
mately linked with the rate of decay of oscil- 
lation jn j dissipative cjrcuit, Before we leave 
the subject of Q and power, let us mention 
briefly two other factors which find com- 
mon usage in electrical engineering. The 
first of these is the phase angle between the 



Figure 5 . Q as a damping factor. 

current and the driving voltage in a circuit 
containing reactance and resistance. If we 
once again arbitrarily limit ourselves to con- 
sideration of inductors, the expression for 
phase angle is the familiar formula: 
can <f> m o>L/R s = Q 
On Q » (tangent of the phase angle*) 
Closely associated with the phase angle 
is the power factor. The power factor of an 
inductor is tlit.- ratio of the total resistance 
absorbing power to the total impedance of 
the device, and is designated by Cos : 

R r R a 

^ ^ = v/ff+JC? = T+a>ES~ 

i R 2 



This is approximately 


C os <p 


JL 

Q. 


THE O METER 


Practically all of the relationships men- 
tioned above have been used in radio a/id 
electrical engineering for a great many years. 
However, the expression Q and its numerical 
value of Q — tpL/R, did not come into popu- 
lar usage until Lhc early 1930s. The need for 
the rapid measurement of Q arose with the 
growth of the broadcast receiver industry, 
and Boonton Radio Corporation demon- 
strated the first "Q-METER" at the Rochester 
IRE Meeting in November* 193d. 

A numerical quantity for Q might be ob- 
tained by measuring each of the parameters 
involved in any of the various forms which 
have been given above. However, certain of 
these expressions lend themselves to direct 
measurement much more readily than others. 
Originally, the favored method was to actual- 
ly measure tpL and R^. Later, measurements 
of Q were based on the frequency- relation- 
ship, using a heterodyne detector system This 
method is feasible but demands great accuracy 
of the variable frequency generator in order 
to obtain resasonable accuracy of the final 
result. 

An expression equivalent to the frequency 
relationship can be written in terms of capa- 
citance. For the series resonant case we ob- 
tain the following: 



The multiplier 2 is introduced because the 
change in frequency is proportional to the 
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Square root of the change in capacitance. 
For incremental quantities this reduces to 2. 

The relationship which has found almost 
universal acceptance in the design of instru- 
ments for the direct measurement of Q makes 
use of the resonant rise of voltage principle 
outlined above. In such instruments, a small 
radio frequency voltage of known magnitude 
js injected into the resonating circuit across 
a very small series resistor. At resonance 
rhis voltage causes a current to flow which 
is limited only by the magnitude of the total 
equivalent series resistance of the circuit. The 
current flowing through the inductor results 
in the resonant rise of voltage given by E ~ 
cQ, This magnified voltage is read by a 
vacuum tube voltmeter connected across the 
resonating capacitor. Since the series voltage 
injected into the circuit is known, it is possi- 
ble to calibrate the scale of the voltmeter 
directly in values of Q. 

CONCLUSION 

We have seen that the conventional ex- 
pression for the magnitude of Q can be 
derived from the basic concept of energy 
stored compared to energy dissipated per 
cycle in a resonant system. Its use as a meas- 
ure of the damping effect in decaying wave 
trains, its relationship to phase angle and 
power factor, and the selectivity of a reson- 
ant circuit are seen to come out of energy 
and power considerations. In addition to 
these factors, such critical basic measure- 
ments as radio frequency resistance of a wide 
variety of components, the loss angle of 
capacitors, dielectric constants, characteristics 
of antennas, and transmission line parameters 
are all part of the continually expanding Jfst 
made practical by a simple, direct-reading 
instrument for the measurement of Q, the 
Q- Melts. 
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Basic Formulas Involving Q 

A. TWO-TERMINAL IMPEDANCE 

FORMULAS RELATING EQUIVALENT SERIES AND PARALLEL COMPONENTS 


(icrtral 

Formula 

R. = - R V- 


l + Q= 


X. = X. 


L = U- Q -- 
1 S+Q- 

c, = c.l±* 

^ ^ Q. 




l 


i h in JO 


X, = x r , 


C = c, 




R fi tttC^Rg 


— — t> r- 

” V T 'KpuJA-'D 


Qbi 
than 0.1 


R, — R, 

X, = X,Q= 

U = l pQ- 


Crcnrra t 
Formula 


X 

L,, = L, - 


x 1 + Q; 
X ‘ Q; 


1 + Q s 

Q- 

-9L 

i+Q’ 


Q 

dun 10 


Rp = R.O + Q 1 ) Rp = R«Q : 


X,. = X E 

K = U 
C„ - C. 


Q few 
than 0.1 


X 

n Q’ 

Q - C,Q" 


B. TUNED CIRCUIT 

1. Selectivity 

Q- f o = JSl c 

Where f t and f 2 are half 1 
power points and C 0 C l 
and C 2 are capacitance 
values at f Q and f j 
respectively. 


2. Resonant Rise in 
Voltage 0 

e 

For relatively large R f 
(low Q),E -ey/t + Q 4 ' 






3. Power Dissipation 

a. Power Factor = cos <£ 
R 1 

= >/r 2 +lV = s/ 1 +Q 2 

and for inductors, Q = 


tan 


_ 6J L 


b. Damped Oscillations 

Q =-JL, where 8 is the 
8 

logarithmic decrement. 


J^ 1 


- 4 “ 


V acu ussy Tube Circuits; 1st Edition, 1948, 
Lawrence B. Arguimba^ John Wiley and 
son; Pages 184-185, 





THE NOTEBOOK 



The Q-Standard 


A NEW REFERENCE INDUCTOR FOR CHECKING Q METER PERFORMANCE 

Dr* Chi Lung Kang 
JOfTiQS E. 


Widespread acceptance of die Q Meter as 
a basic tooj for electronic research and de- 
velopment- has lead, in recent years, to an 
increasing demand for some convenient 
means of checking the performance and 
accuracy 0/ the instrument periodically in 
the held. 

As a result of this demand, BRC engi- 
neers have developed the recently- announced 
Q-Standard Type 513-A, a highly stable 
reference inductor, intended specifically for 
use in checking the performance of Q Meters 
Type 160-A and 260-A. By comparing the 
accurately-known parameters of this induc- 
tor directly with the corresponding values 
read on the Q Meter, the user may now ob- 
tain a dependable indication of the accuracy 
with which his Q Merer is operating. 

The Q-Standard is designed and con- 
structed to maintain, as nearly as possible, 
constant electrical characteristics, fn external 
appearance the unit is very similar to the in- 
doctors (Type 103' A) which are available 


Woc/iter 

for use as accessory coils in a variety of Q 
Meter measurements. This resemblance is 
only superficial, however, since highly spe- 
cialized design and manufacturing techniques 
have been required to provide the high de- 
gree of electrical stability demanded of such 
a unit. 

The inductance element consists of a high- 
Q coil of Litz wire wound on a low-loss 
steatite form. After winding, the coil is 
heated to remove any moisture present, coat- 
ed with silicone varnish, and baked, A stable, 
carbon-film resistor is shunted across the 
coil to obtain the proper Q-versus- frequency 
characteristics. The coil form is mounted on 
a copper base which in turn is fitted to a 
cylindrical, copper shield can. The coil leads 
arc brought through the base to replaceable 
banana plug connectors which allow the 
unit to be plugged directly into the Q Meter 
COIL posts. The low potential connector is 
mounted directly on the base, while the high 
potential connector is insulated from the base 


by a steatite bushing. To provide maximum 
protection against moisture, the unit is her- 
metically sealed, evacuated, and filled with 
dry helium under pressure. 

ELECTRICAL CHARACTERISTICS 

The principal electrical characteristics of 
each individual Q-Standard are measured at 
the factory and stamped on the nameplate 
oF the unit. These include the inductance 
(L), the distributed capacity (C d ), and 3 
values of effective Q (Q c ) and indicated Q 
(Qi)> determined at frequencies of 0.5, L0 
and 1,5 me, respectively. 

The effective Q may be defined as the Q 
of the Q-Standacd assembly mounted on the 
Q- Meter, exclusive of any losses occurring in 
the measuring circuit of the Q Meter itself, 
fr differs from the (rue Q by an amount 
which depends largely on the distributed 
capacitance of the inductor. At the fre- 
quencies for which Q c is given, the following 
relation is approximately correct: 

TRUE Q = Qe (1 + C:/0 

a 

Where C and C' d are corrected values of 

resonating capacitance and distributed 

capacitance, respectively, as described 

below. 

The Q of the unit as read on an average 
Q Meter (indicated Q) will differ from the 
effective Q by a small percentage which is 
the result of certain losses inherent in the 
measuring circuit of the instrument. These 
losses arc minimized, and may usually be 
disregarded in all but exacting measure- 
ments . However, to provide a more accurate 
check on rhe Q Meter reading, The Q- 
Standard is also marked with values of in- 
dicated Q. Small variations in the calibration 
of both the Q Meter and the Q Standard 
may cause individual instruments to deviate 
slightly from the expected reading, but a Q 
Meter Type 160-A or 260-A which indicates 
within dz7% of the Q, value marked on the 
Q-Standard may be considered to be oper* 
ating within its specified tolerances. Al- 
though quantitative indications are not pos- 
sible, it is worthwhile to note, when wider 
deviations are encountered, that an error 
which is greatest at 0.5 me may indicate cali- 
bration inaccuracy, while one which becomes 
severe at 1.5 me may be caused by excessive 
shunt loading effects. 

In addition to checking indicated Q, the 
Q-Standard may be used to determine the 
calibration accuracy of the Q Meter reson- 
ating capacitor. This may be done readily by 
tuning the measuring circuit to resonance at 
any desired frequency within the resonant 
limits of the Q-Standard, and comparing the 
reading on the capacitor dials with the value 
predicted by the expression, 

C = -L - c , 

tu 2 L d 

The measuring circuit of a Q Meter Type 
160-A or 260-A, with a Q-Standard mounted 
on the COIL posts, is represented in Fig. 2 -a. 
Here R 0 is the Q Meter shunt loss, Q is the 
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Q-indicatiag meter, R t is the Q Meter injec- 
tion res is tor * and C is the resonating capaci- 
tance. L, R and C/ represent the inductance, 
series resistance and corrected distributed 
capacitance, respectively, of the Q-Standard. 
The equivalent circuit shown in Fig. 2-b in- 
dicates the corresponding effective para- 
meters of the Q-Standard, which are related 
to the values in Fig. 2-a as follows: 

L h 

e 1 - LCj 


R e = (1 -ffl!LC J) 2 



Figure 2 . Sthomalic representation of Q 
Meter measuring circuit with Q-Sfand- 
ord attached. 


It is worthwhile to consider, briefly, the 
corrected value of distributed capacitance 
( C d ') mentioned above. This value is the 
distributed capacitance of the Q- Standard 
when it is actually mounted on the Q Meter. 
It differs by a small, constant value from 
the distributed capacitance (C<,) marked on 
the nameplate, because of a capacitance shift 
caused by the proximity of the Q- Standard 
shield can to the Q Meter HI posh This 
proximity causes the transfer of a small value 
of capacitance from between the Q Meter HI 
post and ground tG between the HI post and 
the Q-$randard shield can. This results in a 
change in the calibration of the resonating 
capacitor, and a corresponding change in the 
Q -Standard distributed capacity. 

Thus, if the tuning dial of the resonating 
capacitor is adjusted to a value, C, with 
nothing attached to the coil posts, the actual 
value of tuning capacitance will be reduced 
by a small constant to a new value, C', when 
the Q-Standard is connected. At the same 
time, the distributed capacitance of the Q- 


Standard is increased to become Cd'. The 
magnitude of this effect is 0.4 ppi, and we 
may write, 

C' = C-O A wd 


C ^ - Cj + 0,4 mif 


When the Q-Standard is used to check the 
calibration of the resonating capacitor, in the 
manner described above the value, Cd, in- 
dicated on the nameplate is used. In other 
applications, however, where accurate results 
are desired, the corrected values, Cf and Cd', 
must be used, [n determining Q c for ex- 
ample, 


Q 


e 


<*> L e _ 1 

R e R e 6>C' 


it can be seen that the correction may assume 
some importance, particularly at 1.5 me, 
where C is relatively small. 

It should be noted that, in order to hold 
this proximity effect constant, particular care 
has been taken to provide for accurately- 
reproducible positioning of the Q-Standard 
with respect to the Q Meter HI post. For 
this purpose, the base of the high-potential 
connector serves as a mounting stop. When 
this connector is fully Inserted in the HI 
post, the low potential connector (which is 
the shorter of the two) will not be fully 
seated in the JLO post, and the insulated sup- 
port attached to the Q-Standard base will not 
touch the top of rhe Q Meter cabinet. 

If desired, a secondary standard inductor 
may be derived from the Q-Standard by 
means of a comparison method which is both 
simple and accurate. The accuracy of the Q 
Meter, which is the only equipment needed, 
has only higher order effects on the results. 

The inductor selected should have elec- 
trical parameters and outside shield dimen- 
sions which are fairly close to those of the 
Q-Standard. The standardization (i.e. ac- 
curate determination of the effective Q of 
the secondary standard) is dohe as follows: 
First, plug the Q-Standard into the Q Meter 
and resonate the measuring circuit at one of 
the three frequencies (0.5, L.O or 1.5 me) 
for which is given on the Q-Standard 
nameplate. Then replace the Q Standard 
with the secondary standard and obrain 
readings of AQ (from the AQ scale) and 
AC (Cj — C 2 ). With the data given on 
the Q-Standard nameplate, determine C 
from, 


c' «= -^ -(C d +0 Aupfi 

The effective Q of the secondary standard 
may then be determined from the relation, 

QAunkowrj) = 

_ MC '+AC) 

or' M 01 f AC_ &Q , ^ 

Q e + (Q +A Qil 1+ c' )(1 q + Aq) *1 

where Q, L and Q c are given on 
the Q-Standard nameplate. 


Service Note 

REPLACING THE THERMOCOUPLE 
ASSEMBLY TYPE 565-A IN THE 
O METER TYPE 260-A 

It is the function of the Q Meter thermo- 
couple to monitor accurately the voltage in- 
jected by the oscillator into the measuring 
circuit. Although the unit in (he Q Meter 
Type 260-A has been made considerably more 
rugged than that of the older Q Meter Type 
160- A, it is necessarily a sensitive device 
which may be subject to damage or burnout 
under prolonged overload. For this reason, 
care is necessary in operating the instrument 
to avoid increasing the oscillator output (in- 
dicated on the XQ Meter) into the "red- 
lined' 1 region beyond rhe indicated Xl value. 



Figure I, Thermocouple Assembly Type 
565-A 

If thermocouple failure should occur, the 
assembly may be replaced, by the user, with 
a new assembly obtained from the factory, if 
rhe proper care is taken. In ordering, it is 
necessary to include the serial number of the 
Q Meter in which the thermocouple is to 
be used since they must be individually 
matched. The procedure outlined below is 
presented as reference material for the con- 
venience of Q Meter Type 260-A owners. 

Checking for Thermocouple Failure 
If no reading can be obtained on the XQ 
meter, thermocouple burnout may be sus- 



Figure 2 . T hermocouple circuit of the 
0 Meter Type 260 -A. 
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pected. Since this symptom may also be 
produced by failure of the local oscillator, 
however, Llie output of the latter should be 
checked first. This may be done by measur- 
ing from point A (See Fig, 2) to ground 
with a vacuum Lube voltmeter. If the oscilla- 
tor produces a voltage across these points, 
disconnect one lead from the XQ meter and 
check for continuity between points A-C, 
A-B, B-D and C-D. An open circuit between 
any of these indicates thermocouple failure. 
The maximum resistance of the XQ meter js 
65 ohms; the total resistance of the junction 
circuit loop, including the XQ meter, cali- 
bration resistors and thermocouple element, 
can vary from 85 to 115 ohms. CAUTION: 
Do not disassemble the thermocouple unit. 
Replacement Procedure 
Tlie 5 65 -A thermocouple replacement as- 
sembly for the Q Meter Type 260- A includes 
the thermocouple unit itself, a 0,02 ohm in- 
sertion resistor. two calibration resistors and 
two filter capacitors. Replacement of the 
assembly should be made as follows: 

1. Remove the front panel and chassis as- 
sembly from the Q Meter cabinet and place 
it, face down, on a flat work surface. 

2 . Remove the UG-88/U plug from the re- 
ceptacle at the rear of me thermocouple 
assembly, 

3. Unscrew and remove the LO binding post- 
terminal nut. Then, using a right-angle 
soldering iron (see Fig, 3), carefully un- 
solder the thin metal strap which connects 
the thermocouple unit to the bottom of the 
LO post. 

4. Remove the terminal lugs from the XQ 
meter and unclamp the cable from the front 
panel and resonating capacitor frame. 

5. Remove the four mounting screws from 
the thermocouple assembly, and carefully 
remove the assembly from the Q Meter, 

6. Install the new unit and connect the at- 
tached cable to the XQ meter terminals, 
observing the indicated polarity. Clamp the 
cable to the from panel and resonating capa- 
citor frame. 



Figure J, Using a right-angle soldering 
Inn to solder the thermocouple corw 
nectlng strop in place 

7. Trim the connecting strap to a length 
which will permit it to reach rhe bottom of 
the LO post with a small amount of slack to 
allow for binding post movement. Solder 
this strap to the LO post, being careful not to 
leave the iron in contact with the strap any 
longer than necessary. 

8. Replace the binding post nut aod return 
the instrument to its cabinet, — E .GRIMM 
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BOONTON RADIO CORPORATION 

Frank G P Marblft, Sates Manager 


The Bo on ion Radio Corporation was 
formed in 1934. Since that time it has been 
developing, designing, and manufacturing 
precision electronic instruments. To under- 
stand some of the details of the Company's 
growth, we must cake a look at the field 
of electronics for a few years preceding 1934. 

Many of the concepts that made wireless 
communication possible were discovered be- 
fore the First World War, During this war 
many new ideas evolved and considerable 
practical experience was gained in the use 
of the new ideas. A keen public apprecia- 
tion of the usefulness of the transmission of 
intelligence over a distance without wire con- 
nection appeared at this period. In the years 
following the war, manufacturers began de- 
voting time and money to the use of radio 
devices for many purposes. They found it 
necessary to obtain component parts which 
were new to most of them, and they needed 
methods for testing both the component 
parts and their final products. 

Under these conditions the Radio Fre- 
quency Laboratories was organized in Boon- 
ton, New jersey. The staff consisted,, at first, 
of one radio engineer, and theic work con- 
cerned the manufacture of coil forms and 
other radio parts using insulating material. 
As lime passed, additional technical person- 
nel was added and the work of general engi- 
neering consultation was undertaken. This 
type of work naturally led to a good under- 
standing of test equipment requirements. 

In 1934, Mr. William D. Loughlin, who 
bad been President of Radio Frequency 
Laboratories, together with several of his 
associates, formed the Boonton Radio Cor- 
poration. The first product of the new 
company was a Q Meter which read Q di- 
rectly on a meter scale, Up until that time 
the measurement of Q had been made in- 
directly by use of bridges for measuring the 
elective reactance and resistance concerned. 
'These measurements had been subject to error 

because of the techniques required, aod use- 

ful measurements took a great deal of time. 


With the new Q Meter, measurements were 
simple and rapid* and the instrument proved 
capable of many additional valuable labors 
tory measurements on basic components and 
circuits. The dcxiblc, accurate, easily used 
instrument was accepted almost immediately 
by tlie growing radio industry. 

By L94 1 a new model, replacing the 
earlier Q Meter, was introduced and Llie 
Company undertook development work on 
a frequency-modulated signal generator to 
meet rhe requirements for test equipment 
which the new frequency-modulated com- 
munication equipment demanded. Com- 
mercial instruments were made available 
and Boonton Radio Corporation continues 
to this date to make several forms of fre- 
quency-modulated test signal generators. 

The early years of the Second World 
War brought the use of higher and higher 
frequencies, and a Q Meter similar to the 
earlier models, but applicable to higher fre- 
quencies. was designed. At the same time 
the activities of rhe Company were directed 
more and more to military applications, ils 
Q Meter and Frequency Modulated Signal 
Generators were widely used in military 
work and the Company produced a pulse 
modulated RF signal generator for use in 
testing radar systems. This instrumeot was 
produced io large quantities and is still used 
by all military services. 

At the end of the War the FM Signal 
Generator was redesigned to permit coverage 
of a wider frequency range, to include AM 
as well as FM, and to obtain deviations in 
frequency which did not vary with carrier 
frequency. This instrument had very low 
leakage and a wide selection of accurately 
calibrated output voltages. It soon became 
the standard in ils field and still maintains 
that position. 

The aircraft transportation field in the 
l940 J s was developing more accurate meth- 
ods of navigation and better methods of 

landing in bad weather. A system for solving 

these problems was approved by the Civil 
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Aeronautic Administration and put in use 
both commercially and by the military serv- 
ices. Unusually accurate and specialized test 
equipment was required by this system and 
Boonton Radio Corporation was asked to 
undertake a design. A Signal Generator for 
Navigation equipment was produced in 
1947 and an additional piece of equipment 
lor testing receivers used in landing air- 
planes Came very shortly after this. In 1 5>5 2 
the Company produced a mote advanced 
model of the Glide Path" testing equip- 
ment for the landing of aircraft. 

In the Iasi few years, the Company Jias 
turned its efforts to the development of self- 
contained, broad-band, flexible instruments 
containing RF bridges for measurement of 
components and cables. A new instrument, 
the RX Meter, was introduced which meas- 
ures parallel resistance and parallel reactance 
of two-terminal networks over the LF and 
VHF ranges. The low frequency' and high 
frequency Q Meters have been redesigned to 
include new features which increase the use- 
fulness and accuracy of the equipment. 

Companies, like people, have character- 
istics which identify them. From its forma- 
tion to the present time, the Boonton Radio 
Corporation has built products of high qual- 
ity. No attempt has been made to produce 
cheap instruments, and the quality and use- 
fulnebs per invested dollar has been kept 
high. Close tolerances, high stability, me- 
chanical soundness, and broad applicability 
have all been built into the Company s equip- 
ment. The Company regards its products as 
tine general-purpose tools for electronics 
craftsmen, 


Since this is the first issue of THE NOTE- 
BOOK, it seems appropriate to take a. few 
lines to define the policies and purpose of 
our new publication. Briefiy, THE NOTE- 
BOOK has been planned and produced in 
order to distribute, to you and to as many 
interested persons as possible, information 
which we tee) to be of value on the theory 
and practice of radio frequency testing and 
measurement. 

In the past we have limited ourselves sub- 
stantially to advertising, catalogs and in- 
struction manuals for the broad distribution 
of such information, Inevitably, much im- 
portant data was found to be too detailed 
for ads and catalogs; many new applications 
and techniques were learned Or developed 
after publication of the instruction manuals. 
To provide a means, therefore, of informing 
you periodically of new methods and de- 
velopments, and to furnish you with refer- 
ence and background material of value in 
the application of our test equipment, THE 
NOTEBOOK has been evstablished. 

We feel that the name which we have 
selected is particularly appropriate, since 
much of the information which it will con- 
tain will be taken from our field and labora- 
tory engineering notebooks, and since this 
and subsequent issues will, we believe, find 


a place in your own reference notebook. For 
the latter purpose, we have adopted standard 
notebook dimensions and punching in select- 
ing our format, 

Because the Q Meter is so well known 
and widely used, we have devoted most of 
the first issue to this instrument and the 
quantity which it measures. Our lead article 
discusses the nature of Q itself, using an ap- 
proach somewhat different from the usual 
textbook handling of the subject. Then we 
have included some information on the re- 
cently-developed Q-Standard, a reference in- 
ductor designed to provide a check on Q 
Meter performance. A service note provides 
detailed information on the replacement of 
the thermocouple in the Q Meter Type 
260-A. Finally, to introduce ourselves to 
you, we have included a brief outline of the 
history of our company. 

THE NOTEBOOK will be published four 
times a year; in March June, September and 
December. A written request, giving your 
company, title and mailiog address is enough 
to start you as a subscriber If you have any 
suggestions, comments or questions concern- 
ing the contents or policies of THE NOTE- 
BOOK, we would be happy to have you 
direct them to Editor, THE NOTEBOOK, 
Boonton Radio Corp., Boonton. N. J. 
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A Wide-Range V H F Impedance Meter 


JOHN H. MENNIE, S&mor Engineer 

T/ie t/esign of a completely self-contained instrument for measuring impedance at Very 
High Frequencies entails, os might be expected, o number of interesting engineering pro 6- 
}oms. Mr. Men nie describes some of those encountered on d solved in the development of 
the BRC RX Meter Type 250-A. 




Ever since the middle of the last 
century when Sir Charles Wheatstone 
first put to practical use a curious 
electrical balancing network which 
had been devised a decade before by 
a fellow Englishman named Christie, 
the bridge circuit has been accepted 
as a valuable and powerful tool in the 
field of electrical measurement. 

Even though today bridges, like 
almost everything else, have become 
increasingly complex in order to meet 
the demands of highly specialized ap- 
plications, they retain, for the most 
part, the fundamental advantages of 
convenience, sensitivity and accura- 
cy which characterized their more 
str a i ght for w ard ante c ed ent s . 

One of the applications in which 
bridge circuits have been particularly 
useful In recent years is the measure- 
mentof impedances at radio frequen- 


cies. A number of specialized cir- 
cuits have been evolved for this pur- 
pose. One, the Sobering Bridge, pos- 
sesses certain features which make ft 
outstanding. These features may be 
summarized as follows: 

1. A constant relationship between 
the bridge elements is maintained re- 
gardless of the frequency impressed 
on the network. 

2. Both of the basic variable bridge 
elements can be air capacitors, which 
are infinitely superior to other types 
of variable impedances for high freq- 
uency measurement work. 

3. The circuit residual impedance 
can he kept small enough to permit 
compensation over a wide frequency 
band. 

4. When arranged to measure paral- 
lel components of impedance, shield- 
ing problems are drastically reduced » 



Figure I. The RX Meter provides a simple, accurate means of measuring, independently, 


the RF resistance and reactance of a wide variety of materials , components ond circuits. 
dynamic measurements ore possible, such as this one being made by C.G. Gorss, BRC 
Deve/opmcnf Engineer, on o junction transistor . 


The fundamental circuit was first 
worked out by Sobering in 1920 and 
proposed as a means for measuring 
dielectric losses at high voltages . 
Many other applications of this cir- 
cuit have been suggested and used 
since then. For Instance, in 1933 
Dr. E. L. Chaffee suggested a form 
of Schering Bridge, as a method for 
measuring the dynamic input capaci- 
tance and resistance of vacuum tube a 

BALANCE EQUATIONS 

The simplicity and wide frequency 
range of this bridge network can be 
appreciated by an analysis of tbe im- 
pedance relationships of Fig. 2 for 
the balance condition (i. e. , zero vol- 
tage across the null detector). 


2 AB Z CD “ Z AD Z BC at balance , 
or 



= + c 4 r 3 

3cjCj_R 4 c7 


Equaling reals. 4 . 

^2 - °t R3 . 

C 1 



Rg 

c l 


Continued on Pd&e 2 


YOU WILL FIND. . . 

Q Meter Comparison 

A discussion of the design 
differences between the 
new 0 Motor Type 260- A 
and its predecessor, the 

160 - A on Page 5 

A Service Note 

Adjustment of f/ie RX Mefer 
bridge trimmer on Page 7 
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Impedance Meier (conitnucd) 

Equaling imaglnaries. . . 

1 = R3 

Ju»C2 jwC]R4 

R 3 _ Et4 

C 1 C 2 



Figure 2. The Sc herlng Bridge, arranged 
to provide measurement of parallel im- 
pedance components- 


The test sample ts connected a- 
cross corners C and D of the bridge, 
and its parallel components of re- 
sistance and reactance effectively 
change the values of C4 and R4 In the 
circuit. In order to restore phase 
and amplitude balance conditions, 
the variable bridge capacitor C4 must 
be decreased by an amount equal to 
the equivalent parallel capacitance 
of the test sample. If the test sam- 
ple Is inductive, the capacitance of 
C4 is Increased by an amount equal 
to the resonating capacitance of the 
parallel inductance. 

The parallel resistance of the 
test is shunted across R4, reduc- 
ing its value by a certain percen- 
tage which changes the R4/C2 ratio 
and unbalances the bridge. To re- 
store phase and amplitude balance > 
variable capacitor C2 is reduced in 
value by the same percentage that 
R4 was reduced when shunted by the 


test resistance. The variable cap- 
acitor Cg can thus be calibrated di- 
rectly In terms of the parallel re- 
sistance (In ohms) of the component 
being measured. 

THE RX METER 

A refined version of the basic 
circuit described above forms the 
heart of the BRC RX Meter Type 
250- A , which Is designed to measure 
parallel resistive and reactive im- 
pedance components at frequencies 
from 0. 5 me to 250 me. Unlike most 
RF impedance measuring devices 
using the null technique the RX Meter 
ts a self-contained instrument includ- 
ing with the bridge circuit Us associ- 
ated oscillators , detector* amplifier 
and null indicator. 

Figure 3 shows a block diagram 
of the instrument! the operation of 
which may be briefly described as 
follows: 

The output of the test oscillator, 
(FI), which covers a frequency range 
of 0. 5 to 250 megacycles, Is fed Into 
the bridge circuit. When the im- 
pedance to be measured is connected 
across one arm of the bridge, its 
parallel resistance and reactance 
components cause bridge unbalance, 
and the resulting voltage is applied 
to the mixer stage. The output of the 
local oscillator, (F2), which tracks 
at a frequency 100 kilocycles above 
FI, is also applied to the mixer, 
where it heterodynes with the bridge 
unbalance output frequency, Fl, and 
produces a 100 kc difference freq- 
uency, having a magnitude propor- 
tional to the bridge unbalance voltage. 
This voltage is then amplified by a 
selective 100 kc amplifier to provide 
the desired bridge balance sensiti- 
vity. When the bridge controls arc 
adjusted for balance (minimum in- 
dication, their respective dials serve 
as an accurate indication of the paral- 
lel impedance components of the test 
sample . 



Figure 1, fi/aclc diagram of the RX Meter 

Type 250 -A. 


Particular care has been taken, 
in the mechanical design of the in- 
strument, to provide adequate shield- 
ing of the oscillator and mixer Ln or- 
der to prevent spurious coupling be- 


tween these stages. The detector is 
provided with automatic gain control 
which prevents the meter from read- 
ing off scale, thus greatly facilitat- 
ing the balancing operation when ap- 
proximate values of the Impedance 
being measured are no( known. 



Figure 4. Conventional transformer coup- 
ling from bridge corners to amplifier. 

Use of rugged castings, precis ion 
bearings and anti-backlash gears has 
permitted expansion of the calibrated 
parallel resistance scale to a useful 
length of twenty-eight Inches, cover- 
ing from 15 ohms to 100,000 ohms. 
The ir Rp ,r scale of each instrument is 
individually calibrated and engraved 
in spiral form on the surface of a 
drum dial, the readability being one 
percent up to 5,000 ohms with an ac- 
curacy of approximately two percent 
over this range. 

BRIDGE COUPLING 
CONSIDERATIONS 

The absence of frequency terms In 
the balance equation (1) above sug- 
gests the applicability of this bridge 
circuit to impedance measurements 
over an almost unlimited frequency 
range. Several practical limitations 
do exist, however, and their effects 
must be considered in establishing 
the upper frequency limit for such a 
device. One of Lhese involves the 
means used for connecting the signal 
source and null detector amplifier to 
the bridge. If the connection Intro- 
duces excessive capacitance across 
the bridge arms or excessive toss in 
the oscillator or detecting system it 
can seriously affect the operation of 
the instrument at higher frequencies. 
This problem can be more readily ap- 
preciated by a study of Figure 4, 
which shows a conventional connec- 
tion between the high bridge corners 
and the null detector, employing a 
special type of double -shielded trans- 
former. Tl. 
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A transformer of this type Dot 
only is difficult to design and expen- 
sive to manufacture but also has an 
upper frequency limitation imposed 
by leakage inductance as well as the 
usual low frequency Limitation result- 
ing from low impedance of the wind- 
ings, The inter -shield capacitance 
is another handicap, as It must be in- 
corporated in the bridge network, thus 
placing a severe limitation on both 
frequency and impedance ranges of 
the bridge. These shortcomings have 
been overcome by a new approach to 
the problem, as shown in Figure 5. 



Figure 5. Specially devised system f or 
coupling oscillator to dofocfor. 

The essential feature of this br idge 
network is that it is divided in two 
halves, one half being driven by volt- 
age E.1 and the other half by E 2 . bet 
us assume that voltages and Eg are 
exactly equal in magnitude but opposite 
In phase, thus producing Instantaneous 
currents Ii and I 2 in the direction in- 
dicated. This arrangement enables 
ustodetect the bridge balance condi- 
tions by coupling Lo the null detector 
through two very small but exactly 
equal capacitors, Zb and Zq . In the 
balanced condition, voltage Ed be- 
comes zero, as indicated by our null 
detector, and the voltage across Zb 
is exactly equal to that across Zq . 
This is evident, since the same cur- 
rent, 1 3 , flows through both Zb and 
Z q when zero current is drawn by 
the detector branch. As X and G are 
at the same potential, it follows that 
Zg may be considered effectively in 
parallel with Z A , arid Z q Is likewise 
in parallel with Zp). Thus the voltage 
across Z A is equal to that across Zd- 
Now let Z A and Z3 in parallel = Zj 
and Zq and Zjy tn parallel = Z4. 
Figure 6 represents a simplified form 
of the bridge network for analysis pur- 
poses . 


In Figure 6 

Ei ^ I1Z2 *■ IiZ| 

E2 = I2Z3 * I2Z4 

Ei = E 2 (by design) 
and TiZi = I2Z4 at balance 
then IiZ2-l2 z 3 

. I^Zi I2Z4 and Z1Z3 =Z 2 Z4 
X 1 Z 2 *2 Z 3 (2) 

This impedance arm relationship 
is the same as that of a conventional 
bridge network. 

COUPLING TRANSFORMER 
DESIGN 

The above theory is based on the 
assumption that the transformer sec- 
ondary voltages be extremely well 
balanced, and it is essential that this 
be the ease over the entire frequency 
range of 0. 5 me to 250 me. A very 
simple transformer was developed 
(Figure 7) consisting of three Form- 
ex- Insulated wires twisted tightly to- 
gether and wrapped once around a 
ferrite core ring. By using one turn 
the shunt capacitance and leakage in- 
ductance are held to a minimum for 
best high frequency performance. 
Leakage inductance is only 0, 014 
microhenry. The high permeability 
ferrite core serves to hold up the im- 
pedance of the transformer at the low 
frequency end. Lnterwinding capaci- 
tance C is Ineffective because 1 and 2 
are equipotential points. Although 
the transformer impedance Is quite 
low, it effectively matches the very 
low output coupling loop Impedance 
of the oscillator and drives the bridge 
with approximately one volt over the 
entire frequency range from 0. 5 to 
250 me. 



Figure 6 . Simplified bridge network. 


COUPLING CAPACITOR 
DESIGN 

The capacitive network used to 
couple the unbalance output of the 
bridge to the detector must neces- 
sarily be very accurately balanced. 
To achieve such balance the follow- 
ing requirements were found to be es- 
sential: 



Figure 7. Balanced coupling transformer 
design. 

1. Extremely fine adjustment to 

± 0. 001 mi L 

2. Loss factor uniformly small for 
both capacitors. 

3. Temperature coefficient uniform- 
ly small for both capacitors. 

4. Mechanical stability to stand vi- 
bration and aging without change 
of balance. 

5. Complete shielding to avoid pick- 
up to grid of detector from any 
other source than the two bridge 
corners. 

6\ Equal lead inductance to maintain 
effective capacitance balance to 
250 me. 

The dual capacitor unit which was 
speciallydeslgned Lo fulfill these re- 
quirements is illustrated in Fig. 8. 

RESIDUAL BRIDGE 
IMPEDANCES 

As previous l v discussed, the 
br idge will bal ance at al l trequenc ies , 
pr ov id ing proper rel at! onship between 
the effective capacitance and resis- 
tance is maintained up to the highest 
frequency to be used. Serious de- 
viations will occur, however, if re- 
sidual impedances are not either 
compensated for or made negligible by 
design, 

Figure 9 shows two of the most 
troublesome residual inductances, 
L2 and L4. L2 represents the total 
induo lance of series condenser C2 
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figure 6- So/oncec/ c ovpltng capacliar 
design. 

and resistor R2 and has a value of 
approximately 0.03 microhenry. 
This Is sufficient reactance to com- 
pletely neutralize the effective capaci- 
tance of the 20 iifst condenser C2 at 
200 me. Fortunately this residual 
inductance, L2, can be effectively 
removed from the circuit by means 
of a small shunt capacitance, Cp, 
across resistor R2. This shunt ca- 
pacitance, as shown below, is e- 
quivalent to a series capacitance (C s ) 
whose reactance is very nearly equal 
and opposite to that of L2 up to the 
maximum frequency of 250 me. 

Z of parallel R 2 C p = R 2 ~ i wC p R 2 2 
1 + w2Cp^2 2 

The series capacitance reactance 

1 - ~j CtJ ^p^2 2 

IwCq r i 

For neutralization, let reactance 
]<JL>h2 = — 1 _ J^CpR 2 2 

&C & 1 I 0)^C p 2R £ 

then L2 = r * ^ CnRn 2 

£ 1 + u2C p 2R 2 ^2 

(within 2.4% at 250 me.) 



Figure 9- Residual impedance in bridge 
arms, 


The second troublesome residual 
is the inductance , L4, associated with 
the variable condenser standard , C4. 
This inductance not only causes an ef- 
fective capacitance increase in C4 at 
high frequencies but also produces an 
error in the resistance readings of 
high Q reactive components. The lat- 
ter effect Is the result of coupling 
between L4 and the inductive com- 
ponent of resistor R4. The best so- 
lution to this problem was found lo 
be a series of fourteen specially de- 
signed edge -wiping rotor contact 
springs which provide fourteen in- 
dividual parallel Inductance paths 
through the condenser , each path hav- 
ing extremely low inductance. By 
this means, the inductance L4 is re- 
duced to a value of only 0. 0005 micro - 
henry. 


APPLICATION 

TheRX Meter has been found vat - 
uable in a number of diversified In- 
dus trial and experimental applica- 
tions. For example, it is being used 
to measure the RF characteristics of 
balanced and unbalanced transmis- 
sion lines, of electrical components 
such as resistors, and of high and 
medium loss insulating materials 
such as phenolic vacuum tube bases. 

The direct measurement of equiv- 
alent parallel resistance (Rp) of a 
circuit is particularly useful, since 
it represents the impedance seen by 
a vacuum tube or transistor when 
working into the circuit. Measure- 
ment of Rp also facilitates the deter- 
mination of power dissipation tn a 
tuned circuit since, when the voltage 
E across the tank Is measured, power 
dissipation = E 2 /Rp. 

TheRX Meter is particularly ap- 
plicable to the measurement of trans- 
istor impedance since DC bias cur- 
rents up to 50 miLliamperes can be 
passed directly through the sample 
binding posts without harming the 
bridge elements. In such applications 
it is possible to lower the RF test 
voltage to as low as 20 mv with use- 
able sensitivity. 


CONCLUSION 

The bridge methods conventional- 
ly used for RF impedance measure- 
ments generally require a composite 
test circuit consisting of a number of 
separate Interconnected instruments. 
Setting up such a circuit for specific 
measurements is usually tedious and 
time consuming; leakage and un- 
desirable coupling are frequently a 


problem at higher frequencies, and 
the resulting circuit is often limited 
in range and application. By com- 
bining all the necessary test com- 
ponents In a single, integrated instru- 
ment, the RX Meter provides ease 
and rapidity of measurement as well 
as unusual flexibility of application. 
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have not received your copy please let 
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Q Meter Comparison 

The recent redesign of fibe Q Mo ter Type 160 -A resulted in a more accurate and flexible 
instrument - the type 260-A . Here Is a detailed discussion of the changes which were 
made and how they affect comparative 0 readings on the two Instruments, 


When the Q Meter Type 260-A 
was inlroduced in 1053, its prede- 
cessors, Ihe Types 100-A and 160-A, 
had been giving satisfactory labora- 
tory service for a period of over 18 
years, and had long since become a 
standard for Q measurements. 

In spite of the fact that, during 
recent years, the Type 160- A had 
proved itself a useful and dependable 
tool, it had become apparent > in the 
light of new developments and Im- 
provements in the art, that Us cir- 
cuit had certain limitations. For this 
reason, theQ Meter Type 260 -a was 
developed, retaining all the valuable 
characteristics of the 160A, but In- 
corporating features which elimina- 
ted or minimized the limitations of 
the older instrument. 

Because these design improve- 
ments will often cause small varia- 
tions in Q readings between the two 
instruments % It seems desirable to 
investigate in detail the reasons for 
such apparent discrepancies and to 
formulate an expression for predict- 
ing them. 

DESIGN DIFFERENCES 

Both the 160-A and 260-A use the 
same basic measuring circuit, and the 
block diagram shown in Figure 1 ap- 
plies to either instrument. This de- 
sign, which makes use of the low im- 
pedance system of injecting voltage 
into the measuring circuit, is based 
on the resonant voltage rise princi- 
ple described in a previous article ' 



Figure ). Q Mate/ block diagram. 


Thus (for Q ^ 10) Q - E/e, where 
Q isthe quality factor of the measur- 
ing circuit, e is the Injected voltage 
and E is the voltage across the re- 
sonating capacitor. 

The principle requirements for a 
successful Q measuring system are, 

1. A low-distortion oscillator, 

2. An accurate system for moni- 
toring the injection voltage. 

3. A low injection impedance a- 
cross which e is developed. 


4. A low-loss internal resonating 
capacitor. 

6. An accurate high impedance Q 
voltmeter for measuring E. 
Each of these must be carefully de- 
signed lo minimize the residual para- 
meters which tend to make the indi- 
cated Q (of the Q measuring circuit) 
differ from the effective Q of the un- 
known. Primarily, the discrepan- 
cies in Q readings which may be found 
between the two Q Meters at oertaln 
frequencies are caused by those im- 
provements in the design of the 260 A 
whichresult In lowered residual para- 
meters u 

SOURCES OF ERROR 

1. Oscillator Harmonics 

The calibration of the Q volt- 
meter is dependent on accurate in- 
dication of the ratio E/e. Errors 
in the Q readings can be caused by 
harmonics present in the oscillator 
output, due to the fact that the therm- 
ocouple used to monitor the current 
in the injection resistor produces a 
meter deflection proportional to the 
total heating effect of the distorted 
current, while, because of the se- 
lect tvity of the measuring circuit , 
the indication of the Q voltmeter is 
proportional only to the fundamental 
component of tbe oscillator output . 
Although this effect is considerably 
reduced because of the square law 
response of the thermocouple. 7 it may 
still be noticeable when distortion is 
present. Early models of the 160-A 
(serial numbers below 4581) had some 
harmonic distortion in the oscillator 
output on the low frequency band (a- 
round 150 kc), which did introduce 
some error due to this effect. Tbe 
effect is negligible in the 260-A be- 
cause of the extremely low distor- 
tion present. 

2. Injection Resistor 

The injection resistor (Ri in fig- 
ure 1) is in series with the resonant 
circuit, and when components are 
measured having tow equivalent ser- 
ies resistance (high Q at high freq- 
uencies), the value Ri, which adds 
to the resistance of the unknown, be- 
comes a large part of the totaJ ser- 
ies resistance. This causes the Q 
Meter to indicate a Q value lower than 
that of the unknown component* Evi- 
dently it is desirable to keep the in- 
jection resistance as low as possible . 
For this reason, the 0. 04 ohm Injec- 


tion resistor of the 160-A was reduced 
to 0, 02 ohm fn the 260-A. 

it is possible for the reactive com- 
ponent of the injection resistance to 
cause a rise in Injection voltage at 
high frequencies. Since the injection 
current is monitored, a constant e 
depends on a constant injection im- 
pedance, and it is important that the 
reactive component be reduced to a 
minimum. The dashed curve in figure 
2 indicates the percent of rise in In- 
jection voltage caused by the residual 
S3 Piuhy Inductance present in the in- 
jection resistor of the 160-A. A new 
annular type of resistor has been used 
in the new Q-Meter, resulting in a 
residual inductance of the order of 
0. 035 jLqzhy, and reducing the error 
due to this inductance to a negligi- 
ble amount, as indicated by the solid 
line curve. 
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figure 2. Calculated effect of Infection 
resistor inductance on 160-A Infection 
voltage of higher frequencies. 260-A 
resistor has negligible reactance, 
eliminating this source of error. 

3. Resonating Capacitor 

The construction of the resonat- 
ing capacitor used in the Q Meter 
Type 160-A represents a satisfactory 
compromise between minimized re- 
siduals and the largest practicable 
capacitance range. As a resuLt re- 
sidual parameters are small enough 
to be ignored in the course of most 
measurements. This optimum mech- 
anical design was retained in the new 
Q Meter and any residuals which 
exist may be regarded as tbe same 
for both instruments. 

4. Voltmeter Circuit 

The problem of providing an ac- 
curate voltmeter which will measure 
the RF voltage across the resonat- 
ing capacitor to an accuracy of il9f 
Ls a major one in the design of a Q 
Meter. In addition to maintaining the 
linearity (or scale calibration) charac- 
teristics, the voltmeter tube must 
have a very low grid current (with a 
grid leak of 100 megohms), tbe input 
capacity must remain nearly the same 
for different tubes , and the input con- 
ductance of the voltmeter circuit must 
be as high as possible. 
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F#9ur© 3. Difference in Q readings obtained by measuring a set a 4 1 03 -A Inductors on 
both 160-A and 260* A, fta readings of the latter used as o hose. Each fine fa- 
belled with a coll number indicates the percent difference in readings obtained by meas- 
uring the some coil, throughout Its res orient frequency range, on bath instruments- The 
tines labelled 35 uuf, 100 uufj on d 400 uuf respectively, Indicate the percent difference 
in Q readings resulting at these internal resonating capacitances . 


In order to achieve and maintain 
these characteristics, the use of a 
special tube is found to be impera- 
tive. The BRC 105-A is manufac- 
tured and tested specifically for ap- 
plication in the Q voltmeter circuit. 
A review of available tube types dur - 
ing the development of the Type 230-A 
confirmed the fact that this was the 
only tube which could meet such re- 
quirements, and it was therefore in- 
cluded in the design of the new in- 
strument. 

Several other changes in the volt- 
meter circuit were found desirable. 
The addition of ‘'Lo Q M and "AQ H scales 
in the new instrument necessitated a 
slightly different operating point for 
the voltmeter tube. In addition, the 
physical arrangement of tbe grid cir- 
cuit was changed to provide a higher 
natural resonant frequency, and ad- 
ditional bypassing was added in tbe 
plate circuit of the voltmeter , causing 
the Type 230-A to indicate Q more 
accurately at low frequencies and at 
low capacitance settings of the re- 
sonating capacitor. 


TYPICAL EXPERIMENTAL DATA 

To Illustrate the differences which 
might be expected in Q readings be- 
tween the Q Meters Types 160- A and 
260-A, a set of standard Inductors 
Type 103 -A was measured on two re- 
presentative instruments which were 
selected to be as nearly average as 
possible after a careful survey of Q 
readings on several hundred produc- 
tion units. Figure 6 is a plot of the 
readings obtained, and figure 3 in- 
dicates the percent difference in these 
readings vs frequency. Note that 
these graphs apply only to inductors 
with Q values in the ranges indicated , 
Ln general, the percent difference al 
any frequency is proportional to Q. 

FORMULA FOR PREDICTING 
Q READING DIFFERENCE S 

The empirical formula at the bot- 
tom of this page has been suggested 
byR. E. Laffer ty to describe the dif- 
ferences in Q readings obtained on the 
two Instruments. 


Q160A 

Q260A 


— Term A — 


i— Term B — 

- Term C — 

1 


1 


1 + 10 _b Q260A 


1 +- <oCQ260 

Vi + 4. 32 x I0" 18 a> 2 

L djCK - 


L 50 -1 

- _ 


•— 50-500 kc 1 1 5-10 me J 


■10-50 me- 


This formula is the result of com- 
bining actual measurements taken 
with both average instruments In a 
form indicated by the known theoretl- 
cai differences in measuring circuits 
described previously. It will be ob- 
served that the terms of the formula 
are grouped according to frequency 
domain. Term A represents the dif- 
ference in input conductance between 
the two Q voltmeters, term B cor- 
rects for the difference of insertion 
resistance value, and term C com- 
pensates for the inductance of the in- 
sertion resistor in the Type 160-A 
Q Meter. The latter term was de- 
rived using the average value of 83 
lUjuhy for this inductance. It will be 
noted that each term is equal to 1 
outside the frequency range speci- 
fied. Thus, from 50 lo 500 Uc, only 
term A is significant, while from 500 






: 

: 




























. 











J 













- 









K 






| 














1 














1 





j 








ft I I 1 LJ l I I I 1 1 J I L J — 

u 60 80 tOO 200 400 

FREQUENCY {K C) 


Figure 4. Values of the factor K, for 
use in term A of correlation equation. 

kc to 5 me, alt terms are approxi- 
mately 1 and the two instruments will 
have good agreement. From 5 to 10 
me, term B becomes significant, 
while terms A and C may be disregar- 
ded. Above 10 me, B and C must be 
used. In general, the need for cor- 
rection is proportional to the magni- 
tude. 

It should be noted that this cor- 
relation equation does not account 
for the effects of the harmonic con- 
tent of the oscillator output of early 
Q Meters Type 160-A al the upper 
ends of the low frequency bands. Q 



Figure 5. Calculated percent differences 
In 0 readings between 260 • A (used as 
base) and 160-A, at three values of 
Q as read on the 260-A, 
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Figure 6 m A comparison of 0 readings obtained from duplicate measurements On both 
Q meters of a set of 103- A inductors. Dotted curves marked *3* indicate values ob- 
tained on older 160-A's having appreciable oscillator distortion in this range; curves 
marked J 'A" indicate 160*A’s with reduced distortion. 


Meters Type 160-A having serial 
numbers above 4581 have oscillators 
with reduced harmonic content. 

Figure 5 illustrates the percent 
by which the older Q Meter will read 
low at 100 kc, for three values of Q. 
These curves were calculated by using 
term A of the correlation equation. 

SUMMARY 

The difference observed between 
the readings obtained on a Q Meter 
Type 160-A and aQ Meter Type 230-A 
for a given component la caused by the 
reduction of residual circuit para- 
meters in the latter instrument, per- 
mit ting more Accurate measurement. 
The chart below is a summary of the 
causes and effects of these Q read- 
ingdifferences as they apply for each 


frequency range. 

The correction equation and other 
data presented in this article are the 
result of information obtained from 
average Q Meter readings , and do not 
allow for variations within specified 
tolerances. Application In individual 
cases may require study of the para- 
meters of the instruments concerned. 
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Service Note 

RX METER BRIDGE TRIMMER 
ADJUSTMENT 

At frequencies above 100 MC the 
zero balance of Lbe RX Meter bridge 
circuit is necessarily sensitive to ex- 
tremely small variations in internal 
circuit capacitance. It is possible 
that minute shifts in the relative 1 po- 
sition of circuit components, caused 
by excessively rough handling in ship- 
ping, etc., may alter the effective 
capacity enough to make it impos- 
sible to obtain a nutl indication oa the 
highest frequency range by adjusting 
ZERO BALANCE controls, "R" and 
"C". 

in most cases, this situation can 
be corrected by the following screw- 
driver adjustment* 

1. Allow the instrument to warm 
up. set the oscill ator frequency at 2f>0 
me, and adjust the detector tuning 
control as described in the Instruction 
Manual, with the Cp dial ai 0 and R p 
at « . 

2m With a screwdriver, pry up 
the small metal cap located near the 
rear of the ground plate on top of the 
Instrument. This provides access to 
a small trimmer capacitor having a 
vertical., slotted adjusting shaft. 

3. Rotate the >I R" knob and note 
whether the null indicator reading de- 
creases with (a) clockwise, or (b) 
counter-clockwise, rotation. 



Figure J . Adjusting RX Meter trimmer ■ 

4. Using the screwdriver , rotate 
the trimmer shaft about 1/8 turn — 
clockwise incase (a) above, counter- 
clockwise in case (b) above. Then 
remove Lhe screwdriver * and try to 
obtain balance with Lhe "R" and "C" 
knobs. If a null indication still can- 
not be obtained, rotate the trimmer 
another 1/8 turn in lhe same direc- 
tion. Continue this procedure until 
balance can be obtained, 

5. Check the balance al a freq- 
uency of 250 me and repeat the above 
adjustment it necessary. 

^Correct null indication can not 
be obtained while the screwdriver 
<or aligning tool) is near or in contact 
with the trimmer shaft. 


llnncrc ,160 -A reads Cause Term A 

Term B 

Tarm C 

□0-500 kc 

Low 160-A Voltmeter load a measuring 1 

circuit at low reaonftthiij; enpact- i 4 
tance arid frequency. "iuCK 

Early models rend 3% lower al LOO 
kcand## lower at 150 kc because 
of oa eillatctr harmonica . This ef- 
fect la not. included In Term 

l 

1 

SUOkc - 6 mo 

Substantially in agreement with 260 - A 1 

1 

1 

6 me - 10 me 

Low Effect of higher 160-A Injection J 

resistance becomes appreciable 
with Increased frequency, Q, and 
re&ODflUna capacitance 

1 

1 + cuCQ 
60 


10 me - 50 mo 

Low al Injection resistance effect con- l 

l 

i 4.32 x 10~ lfi Ui? 


htgli C tLruics k causing Jow rondingii will) 
high res ooM tag capacitance. Se- 
notance of (njedion reals tor In- 
High at cremes injected voltage wUh 
low C frequency, causing high read- 
tags a .1 low ro eonattag a apael - 
lance and high frequency. 

1 4 QjCQ / 1 

60 
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BRC SALES ORGANIZATION 

Front G. Marble, Safe* Atanojjer 

As is the case with most Industrial 
firms, Boonton Radio Corporation 
makes most of its contacts with the 
outside world through its Sales De- 
partment. This, of course, is alto- 
gether reasonable, since the basic 
function of a Sales Department is ac- 
tually that of communication — the 
origination and transmission of data 
to customers, potential customers, 
and those seeking specific technical 
Information. 



Since many readers of THE 
NOTEBOOK will, at some time, fall 
in at least one of these catagories, 
we feel that it may be of Interest to 
describe, very briefly, the set-up of 
our technical sales organization as It 
will affect them. 

Our sales organization may be 
considered as having two major sub- 
divisions* the internal Sales Depart- 


ment, and a nation-wide network of 
Sales Representatives. The former 
is an integral part of the company, 
and is responsible for a number of 
widely diversified functions. These 
include the routine work of proces- 
sing orders, answering Inquiries, 
expediting shipments, preparing 
quotations, etc. , as we U as super- 
vising advertising and sales promo- 
tion activities and catalog and in- 
struction material. The Sales De- 
partment also has the responsibility 
of developing and distributing new 
application Information needed by 
customers, and of keeping abreast 
of the trends and requirements of the 
industry, fn addition, company Sales 
Engineers handle, directly, instru- 
ment sales In the New York City, 
New Jersey area as far South as 
Washington, DC. 

The second subdivision of our 
organization is comprised of Repre- 
sentatives who are located through- 
out the country in those areas where 
the electronics industry is most 
heavily concentrated. These organi- 
zations maintain staffs of experienced 
sales engineers who are throughly 
familiar with the operation and ap- 
plication of BRC instruments. Each 
Representative is the exclusive BRC 
agent in his territory, and is qualified 
to supply complete information on our 
full line of equipment. 


A NOTE FROM THE EDITOR 


We were extremely pLeased and, 
to tell the truth, a lUlle amazed at 
the response which greeted the first 
edition of THE NOTEBOOK. The 
number of returns received has forced 
us 10 revise completely our original 
estimates of the size of future print- 
ings. A few figures might be inter- 
esting. We mailed roughly 40, 000 
copies of the first edition to a selec- 
ted group of engineers, scientists, 
and educators. As a direct result of 
the reply cards returned, we are. 
mailing this second edition to a list 
of 19,000 readers, and it is still 
growing daily. In addition, we have 
received several hundred notes and 
letters expressing interest and en- 
couragement. 

Such a vote of conf idence is deeply 
appreciated. We will do our best to 
merit it in the future by maintaining, 
as nearly as possible, the level es- 
tablished in our first issue. 


CORRECTION: Somewhere along 

Lhe way , in preparing NOTEBOOK 
No. 1, an exponent was lost. The 
first equation in column 1, page 6, 
should read: 

L 

Le = 1 - w 2 LCi 
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The above question might logical- 
ly be followed by two additional que- 
ries'. ''If not, why not? 1 ’ and ''If not, 
what then?" These are loaded ques- 
tions. The Technician in hia screened 
room as well as the Engineer at his 
desk bad beet tread carefully lest 
he bring down upon himself a barrage 
of counter -queries. Perhaps we can 
provide a few good rounds of ammu- 
nition for both sides, and may the best 
man win. 

The purpose of a signal generator 
Is to make available in the Laboratory 
a calibrated source of radio frequency 
signals which is equivalent to the an- 
tenna system with which the receiver 
eventually will operate. The signal 
generator, with the associated dummy 
antenna, must therefore behave the 
same as the antenna system with 
respect to ability of the receiver to 
absorb energy. Failure to meet this 
condition invalidates the signal gen- 
erator as a substitute for the antenna. 

Let us look br iefly at an interesting 
situation. Failure to take into account 
the internal impedance of an antenna 
system can very easily lead lo an er- 
ror of 2: 1 in the realizable sensitivity 
of a receiver as compared to the 
measured value. It would require a 
change of 4: 1 in the antenna power of 
the transmitter at a fixed distance to 
compensate for the apparent error of 
2: 1 in the sensitivity of the receiver. 

Other considerations, such as sig- 
nal-to-noise ratio or selectivity, may 
impose contradictory requirements on 
the input impedance characteristics of 
a receiver as compared with the re- 


YOU WILL FIND. . . 

Transmission Line Measurements with the 
RX Meter On page 4 

A Coaxial Adapter for the RX Meter 

On page 7 

Uni verier Signol-To-Noise Ratio 

On page 8 


quirements dictated for maximum 
microvolt sensitivity alone. In such a 
case, what does the calibrnlion of the 
signal generator tell us about the ac- 
tual sensitivity of the receiver? 

The necessity for making the same 
measurement on a receiver using dif- 
ferent generators or comparing the 
results of measurements on different 



Figure L I.R.E. Stanford fa t Introducing 
signal voltage E a through antenna impe- 
dance R a into receiver input impedance R r . 


receivers requires an understanding of 
what we are about when making meas- 
urements of receiver sensitivity. 

DUMMY ANTENNAS 

The sensitivity of a radio receiver 
is NOT the number of microvolts ap- 
plied directly to the input terminals of 
tbe receiver to produce standard out- 
put. even though this frequently is as- 
sumed to be the case. 

The Institute of Radio Engineers 
has defined the INPUT SENSITIVITY 
OF A RECEIVER as the number of 
microvolts required to produce stand- 
ard output when applied through a dum- 
my antenna having the characteris- 
tic impedance of the antenna with 
which the receiver is intended to oper- 
ate, to the input terminals of the re- 
ceiver . 1 1 3 

Toappreciate the logic leading to 
this choice lei us consider the source 
of energy from which the combined 
system of the antenna and receiver [s 
driven. Electromagnetic energy flow- 
ing in free space encounters a conduc- 
tor and excites in it a voltage which 
acts in series with the antenna radia- 
tion resistance. Like the open-cir- 
cuit electro -motive-force of a battery 


ihis voltage is available lo us only 
in series with the internal impedance 
of the power source itself. The vari- 
ation of this impedance with frequency 
may require a series-parallel com- 
bination of R, L, and C in Lhe dummy 
antenna. Pari of all of it may be con- 
tained in the signal generator output 
Impedance. 


POWER TRANSFER 

We have mentioned above that con- 
siderations of signal -to-noise-ratio, 
selectivity and the like may have an 
effect on bur choice, of load for the an- 
tenna system and it is useful to see 
how the power transfer from the ajiten- 
na to the receiver will be affected by 
deliberate mis -matches in load. Fig- 
ure 1 is Lhe basic circuit describing 
the test conditions specified by the 
Institute of Radio Engineers in which 
we have conveniently assumed that 
only resistances are involved. Tbe 
total power intercepted by the antenna 
system will be dissipated in two por- 
tions of the network (1) the internal 
impedance of the antenna and (2) the 
Input load presented by the receiver. 
Tbe power delivered to tbe receiver 
toad will equal; 



R r V 

(Ra + R r ) 2 


Figure 2 indicates the efficiency 



Figure 2. Effect of variation of receiver 
input Impedance fl r on power into receiver 
w/th fixed antenna impedance R a and vo //» 
toga E 0 . 
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of power transfer which takes place as 
we vary the ratio of load to antenna 
resistance. This curve shows that 
the maximum power at the input ter- 
m inals of the receiver is obtained when 
the receiver input impedance matches 
the antenna impedance * The maximum 
is fairly broad, but a relatively small 
shift downward in the input Impedance 
of the receiver results in a very Large 
change in the amount of power de- 
livered to the receiver as compared to 
the effect of an equal increase in the 
receiver input impedance. 

MIS-MATCHING FOR IMPROVED 
SELECTIVITY 

Up to this point we have been dis- 
cussing the title of this paper, namely? 
’’To match or not to match’ We are 
now faced with the second question. 
"If not, why not?" The curve we pre- 
sented in Figure 1 shows the way in 
which power is transferred from one 
resistive circuit to another, A sim- 
ilar relationship exists for coupling 
between primaries and secondaries 
of tuned transformers. 

As the coupling is increased, the 
effective Q of the resonant winding de- 
creases until a point is reached at 
which the Q drops to one-balf the un- 
coupled value. At this point (i.e. 
critical coupling) , there is the optimum 
energy transfer between the circuits. 

However, that value of coupling 
which produces optimum energy trans- 
fer has simultaneously dropped the Q 
of our resonant selective circuit to 
one-half and thereby degenerated the 
selectivity of the front end of the re- 
ceiver, In order to obtain better 
selectivity characteristics, we may 
deliberately mis-matcb the receiver 
to the generator to reduce loading on 
the resonant circuit. We will shortly 
find out how this mis-match can be 
accounted for in our measurements. 

MIS-MATCHING FOR IMPROVED 
S1GNAL-TO -NOISE RATIO 

Another consideration which may 
lead to a deliberate mis-match of the 
receiver to the antenna impedance is 
the necessity for improving the sig- 


nal -io-noise- ratio over that which 
would be obtained from a perfect 
match. 1 

The noise and the signal are inter- 
mixed in the antenna and the receiver 
should select them as favorably as pos- 
sible. The noise voltage generated in 
the antenna Is proportional to the square 
root of the antenna impedance. The 
noise power induced into the matched 
Input circuit of a receiver Is Indepen- 
dent of the receiver input impedance. 
The signal power for a given voltage is* 
however, a function of the input im- 
pedance of the receiver, The ratio of 
signal to noise can therefore be af- 
fected by deliberately mis-matching 
the receiver to the antenna impedance 
In exchange for a loss in microvolt 
sensitivity, 

SIGNAL GENERATOR 
CALIBRATION 

Having seen above that there are 
reasons to match and reasons not to 
match the receiver input to the anten- 
na Impedance there remains to in- 
vestigate the question: "If not match- 

ed j what then?" It should be care- 
fully noted that the IRE standards re- 
quiring the use of a dummy antenna 
say nothing whatsoever about the im- 
pedance of the receiver. 
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Figure Output voltage calibration lor a 
generator having Its source impedance 
equal to the characteristic impedance of 
the output cable. 

To use a signal generator intel- 
ligently we must understand how the 
output system behaves under different 
conditions. Signal generators can be 
divided roughly into two classes: 
a. Low souroe impedance, and b> 
matched source impedance. In low 
source impedance generators, the out- 
put transmission line is driven di- 


rectly by a plck-up loop having the 
lowest possible inductance. In a 
matched source generator, a low in- 
ductance pick-up loop provides a very 
low impedance source of voltage which 
feeds through a matching resistor to 
the output cable. The value of the re- 
sistor Is carefully controlled to. match 
the characteristic impedance of the 
transmission line. 

The output meters and dials of 
signal generators of both the matched 
and low Internal impedance varieties 
are almost universally calibrated tn 
terms of the voltage developed at the 
output jack on the front panel of the 
generator when this jack is termina- 
ted in a resistive load equal to the 
characteristic impedance of the co- 
axial line or the rated output Im- 
pedance of the generator. 

The heart of the problem lies in 
the length of coaxial cable commonly 
used to connect the point of generation 
of the radio frequency signals to the 
input to the receiver. At the freq- 
uencies generally encountered in 
communications and television this 
Length of cable can approach and ex- 
ceed 1/4 wavelength, A 1/4 wave- 
length piece of transmission line has 
a transforming property for both im- 
pedance and voltage which acts some- 
what like a teetertotter , the mid- 
point of which is the characteristic 
Impedance of the line. A low -loss 
l/4 wavelength piece of Line driven by 
a Low impedance source will produce a 
very high voltage at the open circuit 
end of the line. Conversely, if the 
driving source impedance is high the 
output voltage will be low. If the 
source impedance equals the charac- 
teristic impedance of the line, the 
output voltage will equal the input 
voltage. 

In matched signal generators the 
calibrated voltage is fed through the 
characteristic impedance of the gen- 
erator and the connecting cable to the 
matched terminating load. In order 
for the dial to be calibrated in terms 
of the voltage, E, developed across 
the load alone it is necessary to de- 
liver twice this voltage, 2E, to the in- 
put to the internal generator imped- 
ance. This means that the open-cir- 
cuit voltage available at the front 
panel, 2E, willb© twice that obtained, 
E, when the output jack is terminated 
in a matching impedance, and hence 
twice the dial calibration, as shown 
in Figure 3. 

Looking back into the generator 
from the end of the connecting line 
one sees a properly terminated line. 
Therefore the Length of line has no 
effect on the voltage at the output. 
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Figure 4. Application o / T/ievQjijVs Theorem to a coble terminated in Z fl 


TERMINATED CABLES 

A terminating resistor frequently 
is used In the end of extension cables, 
and the voltage developed across It is 
exactly equal to the reading on the 
dials. By the application of Thevenin’s 
theorem, the equivalent circuit of the 
generator now appears lo be the out- 
put voltage acting in series with the 
paralleled matching resistor and the 
generating source. Thus, as we see 
in Figure 4, we have the equivalent of 
25 Q internal impedance acting in ser- 
ies with the indicated number of micro- 
volts, (Ref. 3, p. 471 

If we wish to match 500 It is neces- 
sary to add an additional 25£2 in series 
wl th the output cable ■ This gives us the 
equivalent of an antenna having induced, 
initE microvolts and having an inter- 
nal impedance of 50ft. Only half of the 
antenna voltage is delivered to the in- 
put terminals of the receiver as shown 
in Figure 4. 

To the engineer struggling to meet 
receiver sensitivity specifications this 
may look like hitting oneself over the 
head just for the fun of it. In fact, 
the apparent loss of receiver sensi- 
tivity caused by accounting for the an- 
tenna impedance when making measure* 


ments with a signal generator has given 
rise to the expression of "hard" vs 
"'soft 11 microvolts. One must work 
much harder Lo obtain sensitivity with 
''hard 1 ' microvolts than with ''soft 1 ' 
ones, which pour directly out of a low 
Impedance signal generator. Un- 
fortunately, microvolts are hard to get 
out of all antenna systems. 

ATTENUATOR PADS 

Let us consider the impedance and 
voltage distribution along another com- 
monly used system ; that in which a 6 
db. or 2:1, attenuator pad has been 
Used in the line between the generator 
and receiver . Figure 5 shows the ar- 
rangement of the elements. 

The output of the pad is equivalent 
to the characteristic impedance of the 
generator in series with E microvolts. 
A 20 db, or 10: l, pad Is equivalent to 
E/5 microvolts in series with the gen- 
erator impedance where E Is the read- 
ing on the generator dial. A pad can be 
designed to match the generator output 
to a different value of receiver input 
impedance The 2:1 or 10:1 voltage 
division acts 6n the 2E supplied in ser- 
ies with the 50 ohm internal generator 
Imoedance 


UNMATCHED LOADS 

We have implied above that the out- 
put system of an Internally matched 
generator will maintain 2E microvolts 
at the input to its internal impedance re- 
gardless of the termination at the end 
of the coaxial cable . Th! s can be show n 
as follows. 

In signal generators using a pis- 
ton-type (or wave -guide -below -cut- 
off) attenuator the metered voltage is 
generated in a primary coil at the in- 
put end of the attenuator tube. At any 
particular distance down the tube a de- 
finite amount of voltage, 2E, where E 
is the voltage shown on the generator 
dials, will be induced in the secondary 
loopwhichdrives the output transmis- 
sion line. In an internally matched 
generator the matching resistor is 
located between the low-impedance 
pick-up loop and the input lo the trans- 
mission line . 

The arrangement described above 
forms a transmission line having a 
zero-impedance voltage source, Eg = 

2E, in series with the sending end 
impedance, Z s , which is matched to 
the characteristic impedance of the 
line, Z 0 . The resulting voltage at the 
receiving end, E r , as the receiving end 
impedance, Zr, Is varied can be de- 
rived from the transmission line equa- 
tion for l r (Ref, 3, p. 139., eq. 29): 

E r - I r Z r - 

2E g Z 0 Z r 

(V z r><V z o> eYl+ CZo-Zi}(2 s -Z 0 ) e -Yl (e) 

K Z B * z o 

E r = 2Eg Z p Z r 

<Z 0 "** Z,.) (2'Zq)&'Y^ 

E g Z r 

Er " (Z 0 + Z r )e yl 

For a loss less line, the "propaga- 
tion constant, v , reduces to a "phase 
shift factor 11 , }£, which usually is of 
no interest to us. The output voltage 
then is , z r 


In the above derivation no restric- 
tions were placed on the length of line 
or the receiving end impedance, pro- 
vided the sending end impedance is 
matched to the characteristic imped- 
ance of the line . This result is logical- 
ly appealing. Looking back Into the 
generator from the receiving end of 
the lossless cable we see a matched 
load regardless of the length of cable. 
Even if we reduce It to zero, we are 
left with the matching impedance," 
Z s = Z 0p in series with a source of 
voltage, Eg = 2E , where E is the dial 
calibration. 
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MULTI-FREQUENCY 

MEASUREMENTS 

In the above discussions we have 
treated relatively simple configura- 
tions of resistors and cables. Actual- 
ly) dummy antenna systems may be- 
come quite complicated , Involving ser- 
ies and parallel combination of re- 
sistors, inductors, and capacitors in 
order to duplicate the frequency char- 
acteristics of the antennas being used 
with the receiving equipment.' 2 The 
values obtained for Intermediate freq- 
uency direct transmission and for 
image rejection ratios in superheter- 
odyne receivers may be seriously af- 
fected by the accuracy of the dummy 
antenna since quite large ratios exist 
betwee n the resonant frequency and the 
frequency under test. The impedance 
mis -match caused by off-resonance 
operation of the input system of the re- 
ceiver, such as when taking standard 
selectivity curves, produces wide im- 
pedance variations which affect the 
calibration of the output system of a 
non-matched generator „ and hence the 
validity of the selectivity curves ob- 
tained. 

CONCLUSION 

The function of the signal gen- 
erator and dummy antenna is to re- 
produce in the laboratory the condi- 
tions presented by the antenna system 
with which the receiver is to operate. 



Figure 5. Equivalent circuit of a S0—ohm f 
6dt> sy me tried attenuating pad. 


The output system should place at the 
end of a probe the equivalent antenna 
voltage and internal impedance. 

The standards of measurement 
for RECEIVER SENSITIVITY es- 
tablished by the IRE reflect the physi- 
cal requirements that the signal in- 
put from the antenna shall be delivered 
through a dummy antenna represent- 
ing the antenna Impedance, 

The input impedance character- 
istics of the receiver should be de- 
signed to work with the impedance 
characteristics of its associated an- 
tenna system. This may or may not 
result in actual matching of the two 
impedanoes. 

Signal generator calibrations are 
valid only when the output is termina- 
ted In a specified value of impedance. 

The equivalent circuit for the out- 
put impedance of a matched signal 
generator and the Impedance of the 
load reduces to a simple voltage di- 
vider hav tng twice the indicated voltage 
across the divider regardless of length 
of cable or value of load impedance. 


The RX Meter has found wide 
application in the measurement of 
characteristic impedance, attenua- 
tion, and velocity of propagation of 
transmission lines. The rapidity with 
which the measurements can be ac- 
complished on relatively short pieces 
of cable and the accuracy realised in 
using the simple, direct techniques 
described below has made the instru- 
ment a valuable tool for the design 
engineer concerned with coaxial ele- 
ments, as well as for the quality 
control engineer making spot checks 
during the manufacture of cable. 

In this article we will describe > 
briefly the methods used in measur- 
ing each of the above characteristics 
with the RX Meter. In order to clarify 
the approach used in each case we 
have included, at the end of this arti- 
cle. a brief rev lew of the basic trans- 
mission line formulas involved. 

CHARACTERISTIC IMPEDANCE 

Several methods are available 
for the measurement of character- 
istic impedance (Z Q ) with the RX 
Meter. One of the most satisfactory 
involves the familiar relationship, 
Zo “ where z i is the input 

impedance of a quarter- wavelength 
line with a given termination, and 
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Zj_, is the Impedance of the ter- 
mination itself. For our purpose, 
this relation is used id the form 
Z 0 = /R]K2 p where Rt is a resistance 
measured directly on the RX Meter 
terminals and R 2 is the input re- 
sistance of the quarter- wave line 
terminated byRj . The actual proce- 
dure used for this measurement is 
as follows: 

The RX Meter oscillator is ad- 
justed to the desired measuring freq- 
uency. A piece of the sample cable 
Is Cut to a length corresponding to ap- 
proximately one quarter-wavelength 
with both ends dressed back about one- 
half inch to espose the center conductor 
and shield. If the cable dielectric is 
polyethylene, this length may be taken 
directly from Figure 1. The RX 
Meter is first balanced with nothing 
attached to the terminals and with the 
Cp and Rp dials set at 0 and ^re- 
spectively. The bridge is then re- 
balanced by means of the R p and Cp 
dials with the cable, shorted at the 
far end, attached to the binding posts ■ 
If the cable length ls correct, (i. e, 
exactly l/4\) , the Cp dial reads *;ero. 
If It reads capacitive, the frequency 
should be lowered or the cable short- 
ened, while if the Cp reading ia ne- 
gative (indicating inductance) the 
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frequency should be increased or a 
Longer piece of cable used. Since the 
characteristic impedance does not 
change significantly at frequencies 
above approximately 20 me. , it is 
usually more convenient to make any 
needed adjustment by varying the 
frequency. The Rpdial must be used 
to null the instrument duringthe above 
procedure! but its value may be dis- 
regarded. 

For the termination! select a 
l/2 watt carbon resistor whose re- 
sistance la roughly equal to the esti- 
mated characteristic Impedance of the 
cable. If the latter cannot be esti- 
mated, 50 ohms will usually suffice . 
Removing the short circuit from the 
end of the quarter wavelength line, 
connect the resistor in Its place, keep- 
ing the leads as short as possible. 
Then balance the bridge and record 
Rp as Ri. The resistor should then 
be removed from the end of the cable 
and measured directly across the RX 
Meter terminals to provide the value 

In a typical measurement, made 
on a quarter wavelength section of 
T^G 5S/U cable, a resistor which 
measured 47. 0 ohms directly at the 
bridge terminals was used to termi- 
nate the line. The line with this 
termination measured 63. 8 ohms. 
Then 

Zo = ^63.8x 47,0 = 54. 7 ohms . 

An equally satisfactory method of 
determining Zo (that recommended In 
Military Spec if feat Lon JAN-C-17A) is 
based on the relationship 

„ _ 101,600 

£*0 ~ — 3 

V x c 

where vis the velocity of propagation 
factor in percent and C is the cable 
capacitance in per foot. 

The latter value Is determined by 
attaching a very short length of the 
oable to the RX Meier binding posts 
and measuring Op directly. The ve- 
locity of pVopagatlon may be deter- 
mined as described in a later section. 

A third method of measuring Z 0 
may be worth mentioning , although 
less satisfactory with respect to ac- 
curacy. 

This method Is implied by equa- 
tion (3) at the end of this article, 
which indicates that the characteris- 
tic impedance of a line is equal to the 
absolute value of the reactanoe of a 
section l/8 wavelength long. 

To ^obtain the correct length, a 
1/4 wave section is first established 
in the manner described above, at a 
frequency twice the desired measur- 
ing frequency. This frequency is 


then halved, and reactance of the 
section (either open or short-cir- 
cuited) determined from the Cp read- 
ing at balance . 

ATTENUATION 

A very convenient method of 
measuring attenuation! using short 
pieces of oable , is provided by the 
equation 

ah = Z 0 x 8. 69 db, 

where q is db per unit length and L 
is length. Here the value of Zt is 
determined by measuring the paral- 
lel resistance (on the Rp dial) of a 
piece of cable 1/2 wavelength long. 
If the frequency is such that a half 
wavelength is less than approximate- 
ly 4 feet, a one -or three -halves wave- 
length piece can be used, with no 
change in procedure, to minimize the 
effect of irregularities in the cable, 


etc. The attenuation in db obtained 
for the length of cable tested can be 
readily adjusted to db per 100 feet. 

When the desired frequency has 
been selected, cut the cable to one- 
half wavelength, and dress one end 
back one -half Inch. After effecting 
the initial balance of the bridge, con- 
neclthe cable, with the far end open- 
circuited, to the RX Meter, making 
sure (hat the center conductor is con- 
nected to the post. The bridge 
should now be balanced and the values 
of capacity (C p ) and parallel resis- 
tance (Rp) read from the respective 
dials. If Cp = 0, the cable Is the pro- 
per length and the value obtained for 
Rp substituted for Z( in the above eq- 
uation. If the Cp dial Indicates a cap- 
acity, the cable is too long and a 
small amount must be cut off the far 
end, or the frequency must be Lower- 
ed. If the Cp dial indicates a negative 
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capacity (Inductance), a longer piece 
must be used or the frequency raised. 
As an example, a one -half wavelength 
section ofRG-58/U cable at 77 me (52'' 
long) was found to have an Rp of 2760 
ohms. Applying this value to the for- 
mula above, together with the known 
characteristic Impedance of 54. 7 
ohms , and adjusting for the length of 
the section, the attenuation was found 
to be 3. 98 db/100 feet. 


VELOCITY OF PROROGATION 

Since the velocity of propagation 
factor is equal to the physical Length 
of a one -half wavelength section of 
cable divided by the length of a one- 
half wavelength section in air, it is 
merely necessary to measure the 
physical length of the cable involved 
in the preceding measurements and 
lo compare It to the equivalent wave- 
length In air. 


TRANSMISSION LINE 
EQUATIONS 


The general formula for a loss- 
less line of length \ t having a char- 
acteristic impedance of Z OJ and ter- 
minated in an impedance is. 


- ivw' V 

\Z 0 Cos/il * J2jjSin/3l/ 


where the phase constant j8-27r/A, 

and X = wavelength. Now, if the line 
is 1/4 wavelength long, 1 = x/4 and 
2tt X IT 

j7l - ■ — x — ^ — radians , or 90? 

X 4 2 


Substituting in (1) above , 

f + jZ 0 ) 

z 


Zi - z 0 . 


z Q = v z L , 


V H 
= and 


( 2 ) 


If the line is l/8 wavelength long and 
is short circuited, then l = X/8, j31 = 
tt/ 4 radian or 45°, and = 0= Sub- 
stituting in (1), ( 3 ) 


Zi = Z. 


AjZ 0 Sln 45° \ 
^ZqCos 45° J 


jZ 0 = X. 


In a similar manner it can be 
shown that the input impedance of a 
l/8 wavelength line that is open cir- 
cuited is, 


Zt - JZ 0 . (4) 

For the purpose of deriving a 
means of measuring the attenuation of 
a transmission line, the general ex- 
pression for a Hne with loss is given 
below . 


The impedance, Z^ : looking into a 
line with loss, having a characteris- 
tic Impedance of Z 0 , and terminated 
tn an Impedance can be expres- 
sed as, 


Zl 


/Zr f Z 0 tanhylX 
\Z 0 - Zr tanhyl ) 


(5) 


where , yl = od +■ j/Jl. and jS - 2 tt/\. 


In the case of a half wavelength 
line , l = x/2 and 

= 2v/\ x x/2 = 7T and 
yl - ot\ + jx. ALso , 
tanhyl = tanb (od *■ j;r) - tanhevi, 
and if al is small, then, tanhod = od, 
and tanh yl - a\. 


Substituting in (5) above, 



Dividing numerator and denominator 
of the fraction on the right by 2 ^ , we 
obtain 



1 + Zr 

ZoJ “ l ' 
Zr 


(6) 


If the half wavelength cable is open- 
ctrcutted (i.e, Zr = ^ ), (5) will re- 
duce to 




nepers. 


Then 


od 



x 8.69 db, where is 


resistive and is measured directly 
on the Rp dial of the 250--A RX Meter. 


CONCLUSION 

It will be observed that all the 
measurements described in this arti- 
cle are simple and direct, without in- 
volved computation and corrections. 
In all cases, relatively short length 
pieces of cable are used and measure- 
ments are made directly at the RX 
Meter terminals without the use of 
coaxial connectors. It may be of in- 
terest to note that a balanced Hne can 
be treated in the same fashion as co- 
axial lines when a ‘dmlun' 1 or similar 
device is used in connecting it to the 
RX Meter. 



Figure 2. The author, measuring the characteristic Impedance of a short length of RG-SB/if 
cable on the RX Meter. 
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ADAPTER WRENCH MOUNTING 

PLATE SCREWS 


Figure I. Components o{ the Co-ax Adapter Kit Type 51 5*A. The kit is supplied In o con- 
venient wooden storage Standj not shown. 

A Coaxial Adapter For The RX Meter 

C. G. GORSS, D evelapwier/t Engineer 


Soon after the RX Meter Type 
250-A made Us appearance in the 
field U became apparent that, in ad- 
dition to measurement of components 
on the standard binding posts, many 
of the applications in which (his new 
instrument was being utilized in- 
volved (be use of coaxial cables and 
fittings. The evident need for some 
convenient means of coupling such 
components, fitted with standard co- 
axial connectors: to the RX Meter 
measuring terminals resulted in the 
design of a special adapter unit. This 
unit which, together with the necessary 
accessories, is now available to RX 
Meter owners in kit form, is designa- 
ted as the ”Co-ax Adapter Type 515- 
A. ” 

DESIGN DETAILS 

The adapter itself consists of two 
separate elements * a cylindrical outer 
conductor about 1 L/2 inches In length., 
the base of which is grounded to the 
terminal plate when mounted on the 
RX Meter , and a tapered center con- 
ductor which is fastened to the H7 bind- 
ing post stud. To mount the unit, an 
adapter plate : supptled with the kit, 
is first fastened to the terminal plate 
of the RX Meter, This plate has a 
large-diameter tapped hole which cen- 
ters around the HI post stud. After 
the HI post clamping nut has been re- 


moved and the center conductor has 
been screwed firmly over the stud, 
the outer conductor is turned down Into 
this hole until Its base makes contact 
with the ter mi nad plate. The open end 
of the adapter then forms a standard 
Type N female connector. 

When the adapter Is Installed, 
ordinary measurements requiring the 
use of the binding posts are easily made 
merely by unscrewing the outer and in- 
ner conductors of the adapter and re- 
placing the binding post nuts. The a- 
dapter plate in no way interferes with 
such measurements. 

Along with the adapter and adapter 
plate, the kit includes a wrench for re- 
moving the ground binding post base 
nut, a centering guide for accurate 
positioning of the outer conductor, four 
screws for fasteningthe adapter plate, 
and a special 50-ohm coaxial termina- 
tion. 

The unit is designed to have a con- 
stant characteristic impedance of 50 
ohms. All surfaces are rhodium - 
plated to insure good contact and to 
match the plating used on the RX Meter 
terminal plate, 

The termination.- which ts used in 
obtaining preliminary balance of the 
RX Meter bridge, is equipped with a 
Type N male connector for direct con- 
nections lo the adapter. Like the a- 
dapter, it is actually a short section 


of transmission line ; Its center con- 
ductor, however, Is actually a special 
high frequency resistor. The ter- 
mination produces a voltage standing 
wave ratio of less than 1, 10 up to 800 
me. 


APPLICATION 

When the adapter is installed a 
coaxial element may be attached and 
measured at any selected frequency 
after two minor preliminary adjust- 
ments of the RX Meter bridge circuit 
controls have been made to establish 
the correct '’zero balance” condition. 
The first adjustment, made with no- 
thing attached to the adapter and with 
the Rp dial set at , consists of ob- 
taining a null indication by alternate 
adjustment of the ZERO BALANCE R 
controls and the Cp control. This 
establishes the correct ''resistance 
zero" of the circuit. 

The second zero balance adjust- 
ment is made with the 50-ohm term- 
ination mounted in place on the a- 
dapter. This time a null indication is 
obtained by means of the R« and ZERO 
BALANCE C controls , with the Cp dial 
at 0. This establishes the correct '’re- 
actance zero. " Actually, it has the ef- 
fect of adjusting to the proper value 
the characteristic impedance of a short 
internal connecting section (several 
centimeters in length) between the RX 
Meter binding post and the physical 
point on the bridge circuit at whtch the 
measurement Is actually made. Since 
the characteristic impedance of this 
section is not, in itself, 50 ohms, 
that value must be established syn- 
thetically by proper adjustment of the 
ratio L/C. This is automatically ac- 
complished by the setting of the ZERO 
BALANCE C control described above. 

Although the co-ax adapter is use- 
ful in facilitating measurement of Lhc 
characteristics of cables and other co- 
axial elements, probably its most 
important application is tn providing 
for the measurement of impedances 
remote from the RX Meier terminals. 
When the proper techniques are used, 
it is possible to measure an imped- 
ance at the end of a section of coax 
line with the same accuracy with which 
U can be measured directly at the RX 
Meter terminals . Such measurements 
may, ifdesired, be made with random - 
length sections of 50-ohm coax, in 
which case the results must be trans- 
formed by means of a Smith Chart’ ^or 
the familiar transmission line equa- 
tions in order to obtain the actual im- 
pedance of the unknown. In this case, 
the short internal connection, men- 
tioned above, between the binding post 
and bridge, becomes part of the trans- 
mission line and its effective length 
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Figure 2. Tbe Co*ox Adopter, mounted on 
an RX Mefer. The 50-ofiro termination shown 
beside the terminal plate is used in 06- 
talnlng preliminary £>o/once of the RX Meter 
bridge circuit. 

roust be determined and added to the 
physical length of the line itself tn 
computing the results. A somewhat 
simpler method, when the measuring 
frequency is high enough for the cable 
length involved to be practical, Ls the 
use of a resonant half-wave section 
which will transfer almost exactly the 
value of an impedance connected at one 
end to the RX Meter measuring ter- 
minals connected at the other . In this 
case, the Impedance of the section it- 
self is not a factor, and the only cor- 
rection necessary is for actual loss 
in the line which, frequently, is neg- 
ligible. 


D.R. Crosby and C.H. Pennypacker» 
"Radio Frequency Resistors as Uni- 
form Transmission Lines," Proc. of 
the IRE, Feb. , 1946. 

2 P. W. Smith, "Transmission Line 
Calculator, " Electronics , Jan. , 1939. 


A simple method for extending 
the frequency range of a signal gen- 
erator Is the use of a broadband freq- 
uency converter with a gain of one. 
Such a converter Is the Uni verier Type 
207 -a. This Instrument consists of a 
broadband mixer, a local oscillator 
and a broadband amplifier with an out- 
put impedanoe of fifty ohms. The out- 
put frequency differs from that of the 
signal generator by the frequency of 
the local oscillator of the Univerter. 
The useful frequency range is limited 
by the upper and lower limits of the 
mixer and the broadband amplifier 
(0. 1 to 55 me). 

The mixer of the Univerler has a 
small amount of inherent amplitude 
modulation resulting from random 
noise generated in its input impedance. 
Since the pass band of the Uuiverter 
covers a broad frequency range, lit- 
tle selective rejection of this noise 
occurs. The effect is not noticeable 


A NOTE FROM THE EDITOR 


This is a very brief note. In fact, our 
authors were so enthusiastic that they 
left the editor only enough space to note, 
with considerable satisfaction, that over 
22,000 people asked for the Notebook. 


for signal levels above approximately 
2.5 microvolts. Below this level, 
signal level decreases of aglven value 
will cause reductions of receiver out- 
put of a smaller value. The use of a 
20 db pad, such as the 509-A, at the 
output of the Uni ver ter will permit use 
of the signal generator and Univenter 
down to approximately 0.25 micro- 
volts, since the noise is attenuated 
directly and the signal levels from the 
signal generator can be increased by 
20 db to compensate for thi s pad . Ad- 
dltioaal attenuation can be used for 
lower outputs. 

To allow our customers to make 
use of the Signal Generator (Types 
202-B and 202-C) with the Univerter 
Type 2 07 -A at these very low levels 
the Adapter Type 509-A (53 ohms un- 
balanced to 53 ohms unbalanced with 
2 Odb attenuation) is now supplied with 
eachUniverter aino increase in price . 


Univerter Signal-To-Noise Ratio 

Frank G. Marble, So/es Manager 
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A Versatile Instrument - THE Q METER 

What Can Be Done With a Q Meter - Besides Measure Q 


c 


LAWRENCE 0. COOK, Quality Control Engineer 


Lawrence CooJc income associated wilh 8RC 
in 193S, shortly after the compony's founding. 
He started as on Electricof Inspector at the 
time the original 0 liefer was being produced. 
S/nce then Ms activities have fallowed c/oso- 
ly the development of subsequent 0 Meter 
Models. Mr. Coot wos graduated from Bliss 
Electrical School in Washington D.C. and was 
employed by Sparks-Withineyton Co. prior to 
BRC. He is an associate member of I.R.E. 
and a member of the i?od/o C/ub of America. 

INTRODUCTION 

A Q Meter contains In one instrument 
a frequency- calibrated RF oscillator, 
a system for RF voltage injection and 
measurement, a vacuum tube volt- 
meter , a calibrated variable capacitor , 
and four terminals for the connection 
of components to be measured. All of 
these elements (but two terminals) are 


employed in measuring the Q of a coil, 
the normal connections being shown in 
Figure 1. But these elements, in part 
or in combination, may be employed 
in the performance of various other 
functions. It is the purpose of this 
article to describe some of these ap- 
plications of the versatile Q Meter* 

CAPACITANCE MEASUREMENT 

For capacitance measurements con- 
venient use can be readily made of the 
calibrated variable capacitor just 
mentioned. Let us assume that a coil 
is connected to the COIL posts and re- 
sonated to the oscillator frequency 
(see Figure 2). Note the reading of the 
calibrated variable capacitor dial C c , 
calling this C^. If an unknown capacitor 
C x is now connected to the Q Meter CA P 
terminals (*), it will be placed in par- 


allel w ith the var i able capacitor , Next, 
if the Q Meter is re-resonated by ad- 
justment of the variable capacitor to a 
lower value, calling the reading C 2 , 
the quantity Cj - C 2 represents the 
effective value of the unknown capac- 
itor C x . 

The above measurement is prefer- 
ably made at a low frequency, e.g. 1 
me, , thus avoiding lead inductance ef- 
fects. However, by employing a higher 
frequency, e*g. 50 me* or 100 me. , 
the rise tn effective capacitance of the 
unknown as a result of lead inductance 
may be readily observed. Fractional - 
inch variations in lead length will be 
found to have a pronounced effect on the 
measured quantity Ci - C 2 - 

The parallel type of measurement 
just described can be extended In ca- 
pacitance range as follows: first mea- 
sure a capacitor by the method de- 
scribed, calling the measured capaci- 
tance C a - Then, to measure a 
( # )These feMi/na/s are designated CAP on Q 
Meters T ype 190— A and 260— A and CO HD on 
160— A and 770-A. 



Figure J. Q Meter Simplified Diagram- o —Cali- 
brated injection voltage derived from RF os- 
cillator, C c — Calibrated variable capocitor J 
VTVM ■* Vacuum- tube— voltmeter measuring 
voltage across Cc> Terminals for connection 
of components to be measured are Indicated as 
Hi, Lo, GND, and L x *- coil being measured. 

I VOU Will FIND. . . I 


Bad Weather Flying , .page 5 

Check Your 0 Reading poge 7 

Editors Note pa ge 8 



The Author, using a Q Meter 260- A, measurers the capacitance of a fixed capacitor by the 
Parallel Method. 
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second but larger capacitor C*> use 
the previous method bui connect C a 
in parallel with the Q Meter CAP 
terminals (*) when determining Cl; 
then disconnect Ca, connect C Xl and 
readjust the calibrated variable capa- 
citor to determine C 2 * 

Then C x ^ C ^ - C^ * Ca ■ 

Alternatively, a series type of mea- 
surement may be employed to extend 
the range upward by approximately 
lOrl ( see Figure 3 ). The unknown 
capacitor is connected in series with 



Figure 2. Capacitance Measurement, Parallel 
Method. warhead (such as Typo J03-A 
Or 590-AJ, C x -- unknown capacitor (or dielec- 
tric sample) to be measured. 



Figure 3. Capacitance Measurement, Series 
Method. 


the measuring circuit between the 
low potential side of the coil and the 
Q Meter LO terminal; the circuit is 
resonated, preferably at a high read- 
ing on the calibrated variable capa- 
citor, this reading being called C 2 > 
The unknown capacitor is then re- 
moved from the circuit, or prefer^ 


ably lefl in position but short-cir- 
cuited to minimize changes in cir- 
cuit inductance, the variable capa- 
citor Is readjusted for resonance, 
the reading being called C i. The 
effective value of the unknown capa- 
citor is then 

Cl C 2 

C x = 

c r Cl 

MEASUREMENT OF DIELECTRICS 

Dielectric samples (insulating ma- 
terial samples) for electrical measur- 
meut purposes are usually in sheet 
form and of l/l6 inch to 1/4 inch in 
Ikickness. If, to the sample surfaces, 
arc attached metal foil electrodes . a 
capacitor is formed whose electrical 
properties depend Largely upon the 
sample material. 

The metal foil electrodes are usually 
of lead or aluminum, of 0.00075 inch 
to 0.0015 inch thickness, and are at- 
tached lo the sample surfaces by means 
of a thin film of vaseline (petroleuml 
Jelly)* The foil area is usually ad- 
justed to provide a sample capacitance 
of 20 to depending upon the Q or 

power factor of the material to be mea- 
sured and the type of Q Meter to be 
used. Sample discs of 2 inch diameter 
with foils extending to the sample edges 
are frequently used. 

A parallel measurement is used on 
the Q Meter (see Figure 2), An induc- 
tor is connected to the Q Meter COIL 
terminals and resonated at the mea- 
surement frequency. The Q and tuning 
capacitance, Qi and Cj, are read* 
The sample foils are then connected 
to the Q Meter CAP terminals (*J, the 
tuning capacitor C c is readjusted for 
resonance, the Q and tuning capaci- 
tance, Qo and C 2 , are read. 

Neglecting edge and stray effects 
the following formulas apply. 

The Q of the sample is 

(C^ - C 2 ) Q 2 
Q x - ~ 

Ci IQi - q 2 > 

The power factor of the sample (for 
values less than 10%) is 

100 100 C a (Qi -Q 2 > 

P.F. (%>= 

Qx (^1 ” ^ 2 ) Q 1 Q 2 

The dielectric constant of the sample 
Is 


with dielectric replaced 
by air. 

t = Dielectric material thick* 
ness in inches. 

A - Dielectric active area 
between electrodes in 
square inches, 

Cy and C 2 are in micro-mi- 
cro-farads. 

At frequencies above 10 me the mea- 
surement method just described is 
sometimes unsatisfactory because of 
the effects of lead inductance, foil re- 
sistance, etc. For such conditions 2 
somewhat different measuring tech- 
nique is used with a specially designed 
sample holder which provides a con- 
stant circuit inductance for the ^sample 
in” and ‘’sample out" readings. This 
holder also permits, for certain mea- 
surements, elimination of the foil e- 
lectrodes and their associated resist- 
ance. The General Radio Company 
Dielectric Sample Holder Type 1690 -A 
is suitable for this work. Fabrication 
drawings of a mounting plate for at- 
taching this Dielectric Sample Holder 
to Q Meters Types 160-A, 170-A, 
19Q-A and 260-A are available from 
Boonion Radio Corporation. 

Oils and other fluids require a cell 
or container with suitable electrodes 
between which the fluid to be measured 
may be placed. 

INDUCTANCE 

The calibrated oscillator frequency 
and calibrated variable capacitance 
scales of the Q Meter provide a con- 
venient means of determining coil in- 
ductance. For this purpose the un- 
known coil is connected to the Q Meter 
COIL terminals and resonated as for 
readtng Q(see Figure 1). The frequen- 
cy, f, and luning capacitance, Cj, are 
read and inserted in the following for- 
mula for Inductance. 

1 


where L is in henries 

oj is 2?r times the frequency in cycles 

C Is in farads 

or, 

2.53 X 10 4 


C, - C 2 4, 45 (C 2 - C 2 ) t 

^ C a A 

where C a - Calculated capacitance 
( micro- micro-farads ) 
of equivalent capacitor 


where L is in microhenries 
f is in megaeyles 
C Is in micro-micro-farads 
In either Instance the Inductance value 
obtained is the effective inductance of 
the coil including the effect of distri- 
buted capacitance. 
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AH Q Meters Type 260-A and 160- 
A of late manufacture, include a cal- 
ibrated inductance scale on the cal- 
ibrated variable capacitor dial. ( An 
LC Dial Kit Type 660-A is available 
for addins: this feature to early Q Me- 
ters Type 160-A). A chart provided on 
the Q Meter front panel permits use of 
anyone of six inductance ranges by se- 
lection of the proper oscillator frequen- 
cy. The inductance scale then reads di- 
rectly in terms of effective inductance . 

If the distributed capacitance of the 
Inductor Is known, the true inductance 
can be readily determined. With the 
variable capacitor dial adjusted to the 
effective inductance value, note the 
corresponding reading on the capaci- 
tance scale in micro-micro-farads 
immediately above. Add the distri- 
buted capacitance to this reading; ad- 
just the dial to indicate the sum just 
obtained. Although the measuring cir- 
cuit is now detuned from resonance, 
the true inductance of the coil may be 
read on the inductance scale immedi- 
ately below* 

DISTRIBUTED CAPACITANCE 

All coils have distributed capaci- 
tance and a measurement of this quan- 
tity is often required. The measure- 
ment may be made on the Q Meter by 
the following method* 

Connect the coil to be measured to 
the Q Meter COIL terminals! Figure 1), 
Resonate the Q Meter, calling the os- 
cillator frequency dial reading (\ and 
the calibrated variable capacitor dial 
reading C\ (C^ should be preferably 
in the lower part of the scale) □ 
Readjust the oscillator to a consid- 
erably lower frequency f 2 , equal to 
fj/n. Restore resonance by readjust- 
ing the variable capacitor, calling the 
new reading C 2 . The distributed ca- 
pacitance is then 

C 2 - n z Ci 
C d = 

n2 - 1 

If f£ is made exactly equal to fi/2, 
then 


C 2 -4 Ci 

Cd = ■ 

3 

An aver age of several measurements 
employing different values of Ci and 
C 2 will improve the accuracy of the 
results. 


SELF-RESONANCE 

The self-resonant frequency of an 
inductor , i.e. the resonant frequency 
with nothing connected externally to the 
inductor terminals, can be readily de- 
termined with the Q Meter, Looking 
into the terminals of the inductor, re- 


actance conditions vs frequency will be 
seen as in Table 1, columns 2 and 3, 
The Q Meter distinguishes readily be- 
tween conditions a, b, c, thus provid- 
ing an accurate determination of the 
self-resonant frequency, as will be ex- 
plained in detail with the aid of eolumn 
4, 

In making the measurement the first 
step is the determination of leads re- 
quired to connect the unknown inductor 
to the Q Meter CAP terminals (1), 
These leads are then permanently con- 
nected to the CAP terminals and the 
inductor is disconnected. This pro- 
cedure minimizes the effects of lead 
capacitance on the self-resonant fre- 
quency. 

Next, the Q Meter is resonated with 
a work or accessory coil (preferably 
shielded, such as the Types 103- A or 
500-A) connected to the Q Meter COIL 
terminals (see Figure 4), The fre- 
quency chosen should be In the region 



Parallel Method. 


of the estimated self-^re sonant frequen- 
cy of the inductor to be tested. Now 
connect the unknown inductor L x to the 
CAP terminal leads previously estab- 
lished, Re-resonate the Q meter by 
means of the capacitance dial C c » not- 
ing the direction of movement of this 
dial as referred to the original setting. 

Unless the unknown inductor is found 
to be non-reactlve at the measurement 
frequency first chosen, the test pro- 


cedure is now to be repeated at a some- 
what higher or lower frequency as de- 
termined by reference to Table 1, col- 
umns 2 and 4. Successive frequency 
adjustments will eventually achieve 
the desired condition where the capac- 
itance dial reading for resonance is 
unchanged as a result of connecting 
the unknown Inductor lo the Q Meter 
CAP terminal leads. The unknown 
inductor is then non-reactlve and self- 
re sonant at the frequency indicated by 
the oscillator dial. 

CHOKE COILS 

A choke coll, to provide proper iso- 
lation characteristics, must exhibit 
a high Impedance throughout its op- 
erating frequency range. Failure to 
meet this requirement may resalt in 
low operating efficiency, frequency 
error in calibrated circuits, etc. 

TbeQ Meter provides an ideal means 
for the measurement of choke coil char- 
acteristics, A work coil, preferably 
shielded, is connected to the Q Meter 
COIL terminals (Figure 4), Leads of 
short length may be used, if required, 
to connect the unknown choke coil to 
the Q Meter; these leads are now to 
be attached to the Q Meter CAP ter- 
minals (1) but the choke coil is to be 
disconnected. The work coil Is reso- 
nated at the frequency of measurement, 
called f,the Q reading being called Q^, 
and the calibrated variable capacitor 
reading being called Ci, Temporarily 
remove the Q Meter CAP terminal 
Leads. If used, and note the increase 
required in the calibrated variable 
capacitor reading for resonance; call 
the increase re-connect the leads. 
Next the unknown choke coil L* is con- 
nected to the Q Meter CAP terminals 
leads and the calibrated variable ca- 
pacitor is readjusted for resonance. 
Call theQ reading Q 2 and the capacitor 
reading C2- 

The above procedure should be re- 
peated at other frequencies within the 


TABLE 1 



INDUCTOR SELF-RESONANCE DATA 


<l) 

(2) 

<3) 

(4) 




Q Meter 



Inductor 

Capacitance 

Con- 


Reactance 

Dial Test 

dition 

If Frequency Is 

Will Be 

Reading 

a 

Below self-resonance 

inductive 

Increases 

b 

At self -resonance 

Non-re active 

No change 

c 

Above self-resonance 

Capacitive 

Decreases 
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operating range of the choke coil (Cl 
may be assumed to be constant and 
need not be re -checked when the fre- 
quency is changed) ^ 

The effective parallel resistance, 
Rp, and effective parallel reactance * 
Xp, of the choke are 

Ql Qz 

R p 1 

w(Ci + C h ) (Qi - Qj) 

and 

1 

“ 

oj < - C]) 

where Rp, Xp are In ohms 
a) = 2 xf (cycles) 

C is In farads - 

1. 59x10^ x Qi Q 2 

Or, R P = — ; r — y 

f (C^C L ) (Qi- Qj 

1,59 x 10 5 

and Xp = 

f(C 2 - Ci) 

where R pj Xp are In ohms 

f is in megacycles 
C is in micro -micro-farads . 

NOTE? The sign of the quantity 
( c 2“ c l) indicates the type of effec- 
tive reactance= A positive quantity 
indicates Inductive reactance. A 
negative quantity indicates capaci- 
tive reactance* 

MUTUAL INDUCTANCE 
AND 

CRITICAL COUPLING 


(a) The mutual inductance and coef- 
ficient of coupling of RF coils may 
be measured on the Q Meter at high 
frequencies by the familiar method 
often employed at low frequencies 
with audio frequency bridges* 

This method is used for Large 
coupling coefficients* i. e. 0.5 or 
greater = Four measurements are 
made (on the Q Meter COIL termi- 
nals) at or near the operating fre- 
quency and preferably at one fre- 
quency* 

Measure Li and L 2 separately. 
Then measure L a ( mutual aiding ) 
with Li and connected series 
aiding, and L b (mutual bucking) with 
and L 2 connected series bucking 
(Figure 5). 

The mutual inductance then is 


L a -L b 

M = ■ 

4 

The coefficient of coupling is 
L a - L b M 

K = = ' 


4^7 




Figure S. Mutual Inductance Connections , 
L] t_2 -■ fifsi and second coupled co/is, re- 
spectively. 

If the measurements are made 
at one frequency 



where C =Q Meter tuning capacitance 
necessary for resonance 
with mutual aiding con- 
nection, mutual bucking 
connection, and single In- 
ductors respectively. 

(b) With RF coils most commonly 
used the critical coefficient of cou- 
pling (l.e,, the condition where the 
resistance that the secondary cir- 
cuit at resonance couples into the 
primary circuit is equal to the re- 
sistance of the primary circuit) oc- 
curs at a low value of coupling co- 
efficient. Design-wise, the criti- 
cal coupling condition is important 
because it yields the maximum value 
of secondary current and it may be 
readily determined as follows. 

Connect one of the two coils to 
the Q Meter COIL terminals with 
the second colt open -circuited (see 
Figure 6) and adjust the Q Meier for 
resonance. Read Q^. Now complete 
the secondary circuit and, by means 
of Its trimmer, resonate it to the 
same frequency as indicated by a 
minimum Q reading, Q 2 * 

If Q 2 / Qi equals 0.5 the coils 
are critically coupled ; if greater 
than 0 f 5 the coupling is less than 
criticaL and if less than 0.5 the 


Figure 6. Critical Coupling. Cj — Secondary 
coil Trimmer. 


coupling is greater than critical. 

These resuLts will be with re- 
spect to the coils only. If U is de- 
sired to include the effects of tube 
and circuit loading, resistors dup- 
licating these loading effects should 
be added to the coils before making 
the measurements. 

GAIN OF COUPLED COILS 

The Q Meter is essentially a gain 
measuring device* Le, , Q is measured 
by determining the ratio of two volt- 
ages. This instrument is thus readily 
adaptable to the gain measurement of 
coupled coils within its range. 

For example, a transformer used to 
couple a low -impedance loop antenna 
to a receiver input may be measured. 
Referring to Figure 7, the transformer 
primary circuit including the loop (a 
coil may be used to simulate the loop) 
is connected to the Q Meter GND and 
LO terminals. The transformer sec- 
ondary is connected to the Q Meter 
GND and HI terminals. The Q Meter 
injection voltage thus excites the trans- 
former primary circuit and the trans- 
former secondary voltngc is fed to the 
Q voltmeter. Adjustment of the cali- 
brated variable capacitor C c for re- 
sonance will now yield a reading^ 
which is numerically equivalent to. the 
transformer circuit gain. The Q scale 
reads gain directly when the u Multiply 
Q By 1 ' meter is set to xL. 

By completion of the proper connec- 
tions the above method can obviously 
be extended to include stage gain mea- 
surements. 



Figure 7, Transformer Gain Measurement. 

SUMMARY 

We have described some of Ihe '’ex- 
tra-curricular" uses lo which a Q Meter 
may be put. No attempt was made to 
write an exhaustive article and we are 
sure that our many customers have 
devised other ways of utilizing this 
versatile instrument. 

May we draw this conclusions that, 
when an RF measurement problem is 
at hand, the Q Meter may do the job. 
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BAD WEATHER FLYING 

EDSON W. BEATTY, Chief Pilot 


f 



T/ifc Author standing beside t/)e BRC BeochcraH Bonon 2 a. The aircraft is fully equipped for In* 
strumenf flight and providers a valuable source of informal ion relevant to actual aircraft ope ration 
undor all (light conditions, fnsfrt upper left is a typical Instrument Landing System Glide Slope 
field installation, The BRC Glide Slope Signal Generator Type 232-A (center) provides call* 
brated RF signals and modulation on all Glide Slope frequencies -- dius providing manufac- 
turers and service organ ira//ons vrith an instrument capable of simulating any or all signals 
transmitted in the Glide Slope Section of the Instrument Landing System, 


Ever been delayed at the airport by 
weather or arrive several hours be- 
hind schedule? Most of us have, but 
have you noticed recently these delays 
are not occur ing as often? We here at 
BRC feel that with our test equipment 
we are helping to contribute a part to- 
wards reducing these occurances. 
Today, on board a modern high speed 
air transport , we give little thought of 
the problems brought about by the in- 
crease in speed, traffic density and 
type of weather now considered fiyable. 
Just as an example, an aircraft trav- 
eling at 150 MPH with a course error 
of 5° will be approximately 4 miles off 
course after 30 minutes time. How- 
ever, at 350 MPH with the same course 
error for 30 minutes, the aircraft 
would be over 8-1/2 miles off course* 
Now commercial flights are being made 
daily with little more than part of the 
airport runway being visible. Experi- 


mental flights are being made under 
visibility conditions where great diffi- 
culty in ground or taxiing handling is 
encountered. The writer had an ex- 
perience recently when, rolling down 
the runway after landing in a heavy 
fog, the control tower called by radio 
from 1/4 mile away and requested 
f< Have you landed yet ? " 

These Improvements In air naviga- 
tion and communications have all been 
brought aboutthrough electronic equip- 
ment. The primary aids now used are 
Omnirange for navigation. Instrument 
Landing System for blind landing and 
VHF Communications. 

THE VOR SYSTEM 

Omnirange, sometimes referred to 
as VOR (Visual, Omni-directional 
Range), is a recent development in 
radio navigation aids. The Omnirange 
is designed, as are other air navigation 


systems, to furnish directional guid- 
ance to an aircraft In space, II is the 
primary aid in point-to-point air navi- 
gation. The word Omni is derived from 
Latin T, Omnis' T meaning all. These 
stations are so named because they 
have an infinite number of courses, 
whereas, the facility they replace has 
only four courses. 

An Omnirange station might be de- 
scribed as a very large wheel with 
360 spokes ( theoretically an infinite 
number) with the station being the hub. 
Any one of the spokes might be chosen 
as a guide in space* This is accom- 
plished electronically by comparison 
of the phase difference between the 
audio modulation of two radiated radio 
frequency signals, the difference in 
phase varying with change In azimuth. 
The modulation on one of these signals 
is non-dlrectional and has a constant 
phase throughout 360 degrees of azi- 
muth* This is called the reference 
phase. In order to separate the two 
signals for comparison in the receiver 
and converter, a 10KC FM subcarrier 
is used to carry the reference signal* 
The phase of other signal rotates at a 
speed of 1800 RPM and varies in phase 
with azimuth. This is called the vari- 
able phase and is produced by a motor 
driven goniometer feeding an RF volt- 
age into four antennae (two at a Lime). 
As the goniometer revolves, the RF 
voltage fed into the antennae (180 de- 
grees apari) varies sinesoidally at the 
rate of 30 cps to produce a rotating 
field* The system is set up so at mag- 
netic north the reference and variable 
signals are exactly in phase* 

From a pilot's standpoint the opera- 
tion Is quite simple. Other than re- 
ceiver, converter and antennae, there 
are four basic units in the aircraft. 
Although some manufacturers combine 
these units for simplicity, we shall 
discuss the primary type* 

The pilot's controls are illustrated 
in Figure 1 and consists of: 

L Frequency Selector (conven- 
tional receiver control) 

2. Azimuth Selector 
3* Deviation Indicator (with signal 
strength indicating Hag) 

4* Sense Indicator 
Further describing each uniti 

I* Frequency Selector i tunes re- 
ceiver to dcs I red station frequency 
which Is identified aurally with 
code (recorded voice also on some 
si at Lons)* 

2. Azimuth Selector (Course Se- 
lector); selects the desired azi- 
muth (or track) to control direc- 
tion in space. 

3, Deviation Indicator indicates 
the difference between the selected 
azimuth and present position or, 
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marker beacon 
INDICATOR LIGHT 


GLIDE SLOPE 

DEVIATION 

INDICATOR 


OMNI OR LOCALIZER 
DEVIATION INDICATOR 
(VERTICAL NEEDLE) 



OMNI OR LOCALIZER 
SWITCH 


AZIMUTH SELECTOR 


FREQUENCY SELECTOR 
SENSE INDICATOR 


Figure 7. The Pilot's VHF Radi* Controls installed in the Instrument panel at the QRC Beech- 
croft Sononzo. 


conversely , ibe azimuth from a 
station to the aircrafts position. 
Two or more stations may be used 
to establish position. Also In- 
cluded is an alarm indicator which 
indicates when a usable signal is 
being received. 

4, Sense Indicator (To- From Me- 
ter); determines the phase com- 
parison to establish the quadrant 
(ue. north azimuth or south azi- 
muth) . 

At the present time there are 392 
omni stations now in use throughout 
the United States. 

THE ILS SYSTEM 

We have discussed point-to-point 
air navigation and although the omni- 
range may be used as a landing aid it 
is not the primary type. The Instru- 
ment Landing System (ILS) is the more 
effective type and considered the most 
practical from a cost and operational 
standpoint. Its purpose is to provide 
a predetermined, precise path to a 
landing runway without visual refer- 
ence to the ground. 


The system employs three elements i 

1. Localizer 

2. Glide Slope 

3. Outer and Middle Marker 

To explain each element: 

1. Localizer: provides the direc- 
tional guidance to and down the 
landing runway. 

2. Glide Slope: provides the alti- 
tude guidance while approaching 
on the Localizer. 

3. Outer and Middle Markers: 
provide fixes or locations on Lo- 
calizer and Glide Slope. 

In order to describe the operation 
of ILS , we shall consider each ele- 
ment separately. 

The Localizer provides the direc- 
tional guidance by radiating a field 
pattern directly down the center line 
of the instrument runway. The car- 
rier is modulated at two frequencies, 
90 and 150 cps, with each modulated 
carrier applied to a separate antenna 
system. They are arranged so that 
while on the approach end of the instru- 
ment runway facing the antenna, the 90 
cps signal predominates on the left and 
the 150 cps on the right. With this ar- 
rangement, an equal signal ratio of 90 
to 150 cps is projected down the in- 


si rumenl runway and continuing off into 
the approach area. The equal signal 
zone is designed to be approximately 
5° wide. 

The Glide Slope provides altitude 
guidance while approaching on the lo- 
calizer. This is accomplished in much 
the same manner as the localizer with 
the exception of the direction of equal 
signal zone. The carrier is modulated 
at two frequencies, 90 and 150 cps with 
each modulated carrier supplied to a 
separate antenna system. These sys- 
tems are arranged so an equal signal 
zone, or lone ratio, is 2-1/2° to 3° 
from parallel to the earths surface and 
is approximately 1° wide. 

The ILS markers, there are two, 
called outer and middle, serve as radio 
fixes to check progress on Localizer 
and Glide Slope. Both are vertically- 
radiated, low-power signals (always 
75MC) elliptical in shape and directed 
so the center is directly under the lo- 
calizer on-course signal. The Outer 
Marker Is located between 4 and 7 miles 
from runway threshold. The carrier 
is modulated at 400 cps and keyed to 
emit continuous dashes. The middle 
marker is located between 1250 ft. and 
3500 ft. from runway threshold. 11 s 
carrier is modulated at 1300 cps and 
keyed to emit alternate dots and dashes. 

The equipment aboard the aircraft 
(other than receivers and antenna) con- 
sists of the following* 

1. Frequency Selectors] (one each 
for Localizer and Glide Slope). 

2. Deviation Indicators: (two me- 
ter movements in same instrument 
each with signal strength indicator 
alarm). 

3. Marker Beacon Indicator 
Lights; (fixed frequency re- 
ceiver). 

From the pilot standpoint, the con- 
trols serve as follows; 

1. Frequency Selector for Local- 
izer (108-1 12MC): tunes the pro- 
per localizer which is Identified 
aurally. Glide Slope (329.3 to 
335MC) is tuned with a separate 
control and may only be identi- 
fied by flag alarm opposite de- 
viation indicator. 

2. Deviation Indicators: provide 

guide for following Localizer and 
Glide Slope, the vortical indicator 
for Localizer and horizontal for 
Glide Slope. 


75 MC IOSMC 


320.3 MC 


♦marker 

BEACON 


►LOCALIZER- 


•OMNI DIRECTIONAL- 
RANGE 


COMMUN ICAT IONS - 
GROUND AIR 
TO TO 

AIR GROUND 


MrtlLiTARY- 


-NOT ASSIGNED TO 

aircraft 


glide slope- 


Figure 2 ■ F.C.C. Frequency Assignments -- Aircraft Navigation and Communications- 
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3* Marker Beacon Lights: indi- 

cates by flashing signal which 
marker is beingpassed over, also* 
these signals may be identified 
aurally. 

At the present time there are 146 
ILS systems in operation in the United 
States not including military installa- 
tions. 

With the assignment of new frequen- 
cies following World War II (See Figure 
2f) there was tremendous need for a sta- 
ble Signal Generator between 88 and 
140 MC. The BItC Signal Generator 
Type 202-B has been accepted and 
purchased by The Civil Aeronautics 
Authority and widely used throughout 
the industry. During the development 
of the Omnirange system, a phase 
shift was encountered in the Type 202-B 


which was not desirable. In 1948, a 
completely new Signal Generator, the 
Type 211-A was announced , eliminat- 
ing this problem. Due to increasing 
demand for a crystal controlled stable 
Glide Slope Generator, the Type 232- A 
was placed on the market in 1953, 
All these units are approved by The 
Civil Aeronautics Authority as part 
of the necessary equipment to obtain 
a CAA licensed Radio Repair Station. 

Already the CAA is making additions 
to the Omnirange and ILS systems by 
equipping them with DME (Distance 
Measuring Equipment) ^ at present on- 
ly in high traffic density areas. This 
together with Radar Monitoring of air 
traffic, bring closer the day of no- 
weather delays. 
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CHECK YOUR O READINGS By the Delta C Method 


There are instances not covered by 
the Q Standard Type 51 3- A tn which 
the Q Meter user may question the 
Q values indicated by his Instrument 
and packing a quick cross-check^ be- 
lieves he mu si content himself with 
questionable information. This Is not 
necessarily so, since in many cases 
the "Delta C " method is both conven- 
ient and reassuring. Convenient in 
that the check can be conducted rel- 
atively quickly and at any frequency 
within the Q accuracy specification 
of the instrument; reassuring when 
it substantiates the Q Meter. 

The check is based upon the 
equation: 

2C r 


the derivation of which is too lengthy 
to Include here * The quantities in- 
volved in the equation are from the 
following Q Meter equivalent circuit 
Including the external inductor and Its 
associated voltage-capacitance curve: 
C r = capacitance to resonate the 
circuit, 

Vr = voltage across the Q Meter 
capacitor at resonance. 




Figure 1. Equivalent Circuit af Q Meter. 


JAMES E. WACHTER, Project Engineer 



Figure 2. Capacitance Curve of the 0 MeVer 
Circuit. 


Vi = voltage across the Q Meter 
capacitor at a point other than 
resonance. 

AC = capacitance between two points 
of equal voltage (Vi), one on 
either side of resonance. 

Q c ^ circuit Q = daL/R where R 
includes all losses in the coil 
and the Q Meter circuit. 

It is worthwhile to note here that 
since the Q- voltmeters of all BRC 
Q Meters are linear with respect to 
voltage and Q, equivalent values of 
indicated Q may be substituted in the 
ratio V r /Vi* Equation 1 contains an 
approximation which is negligible when 
Q is greater than 100. 

An easy level at which to make the 
AC measurement is at the half volt- 
age or half Q points ( V r /Vi = 2. 0) , 
in which case the preceding equation 
becomes 

C r 

Q c = 3.4641 (2) 

AC 


Another frequently used level is at 
the 0. 707 voltage or Q points where: 
2 C r 

Qc = ■ (3) 

AC 

An outline of the procedure using 
equation (2) and applicable to all Q 
Meters manufactured by Boonton 
Radio Corporation is: 

1. Set the Q Meter oscillator to 
the desired frequency . 

2. Adjust theXQ control for unity. 

3. Connect a shielded inductor re- 
quiring a capacitance setting 
near the maximum available 
reading for a Q Reading near 
full scale. 

4. If Q Meters Type 160-A or 260- 
A are being checked , set the 
vernier scale to zero. 

5. Resonate the circuit with the 
Internal resonating capacitor. 

a. Record the resonating capa- 
citance indicated on the Q 
capacitor dial as C r . 

b. Record the Q at resonance 
as indicated on the Q volt- 
meter as Q r . 

6. With the Internal resonating ca- 
pacitor (vernier capacitor on Q 
Meters Type 160-A and 260 -A ) 
detune the circuit on either side 
of resonance to the point where 
the Q indicated by the Q volt - 
meter Is equal to Qv/2. Record 
the capacity between these two 
points as AC. 

7. To avoid errors due to mech- 
anical and electrical backlash 
all settings of the Q condenser 
should be approached with the 
same direction of rotation. To 
minimize errors In reading 
all settings and readings should 


7 



BOONTON RADIO CORPORATION 


THE NOTEBOOK 


be made several times and then 
averaged. 

8, Insert the values of C r and AC 
in equation (2) and calculate Qc* 

Now, If the value of Q c calculated 
in step 8 agrees with the value of 
Q r recorded in step 5,b. within ±15 
percent all is well and good and the 
Q Meter can be assumed to be per- 
forming satisfactorily. 

The method of Q Meter checking 
discussed here does not take into ac- 
count variations in Q indication re- 
sulting from changes in loading ac- 
cross the measuring terminals ( see 
" Q Meter Comparison r \ Notebook 2, 
Summer 1954.) Difficulties ( if indi- 
cated ) lie elsewhere. For methods 
of Isolating the problem see the 
Maintenance Section of the applicable 
Instruction Book. 

* Hartshorn, L. , and Ward, W.H. , 
Institute of Electrical Engineers, 
( London, 1936 ), equation 6.- pp. 79, 
597, 609. 

EDITOR’S NOTE.... 

THE Q CLUB OF BRC 

A BRC Employee had a bright Idea 
back in 1942* The idea was born of 
the Shop and Office collection prob- 
lem — a problem that probably is 
common to any firm employing three 
or more persons. The Idea provided 


a club for the purpose of remember- 
ing fellow workers ou special occas- 
ions and to assist in arranging pic- 
nics etc. . Club dues would supply 
the needed funds and Individual em- 
ployees would no longer face the Shop 
and Office collections. The Company’s 
best known instrument was the 
Q Meter and the new organization 
was befittingly named the Q Club of 
BRC. 

Today the Q Club is a thriving 
organization sponsoring activities in 
which the great majority participate 
and enjoy and remembering fellow 
members of the BRC Family on spec- 
ial occasions. But we are still both- 
ered by collections. The Q Club has 
gone a long way in controlling the 
problem but never has been fully 
able to meet the goal set in the ori- 
ginal idea. 

Some of the Club's inability to 
eradicate collections can be traced 
to an aspect of the Club's existence 
which was not fully apparent to Ibe 
founders. This important aspect is 
the Club's healthy influence on em- 
ployee relations. When a new em- 
ployee starts work at BRC, he or 
she is soon greeted by a Q Club. 
Representative — there is a represent- 
ative for each teo employees. The 
Representative explains the Club's 
history, purpose and informs the new 
employee that he or she will be eli- 


gible for membership after the pro- 
bation period. Fellow workers are 
Introduced and the new employee soon 
has a feeling of friendship and be- 
longing to a group. In short, em- 
ployee relations are off to a good 
start and where friendly relations 
flourish, the Ideas and desires for 
collections also flourish. The Q Club 
treasury always falls a little short 
of the good will it has Created and 
fostered. 

The good will emanating from the 
Q Club activities reflects icself in 
the BRC operations. Few people take 
more pains and pride in their work 
than members of the BRC Family. 
They are understanding of company 
production and engineering problems. 
On the other hand, supervisors are 
more understanding of the individual's 
problems. 

Yes, Shop and Office collections 
have greatly benefited Boonton Radio 
Corporation — they brought about the 
Q CLUB OF BRC ! 

BRC is proud of several other em- 
ployee organizations. TheBRC Men's 
Bowling League is ABC sanctioned 
and Us weekly "Bowling Nights" reg- 
ularly draw 35% of all male employ- 
ees. The BRC Camera Club was re- 
cently organized and is very popular 
The photos on pages 5 and 6 were 
taken by our Camera Club President. 
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Sweep Frequency Signal Generator Design Techniques 


JOHN H. MENNIE and CHI LUNG KANG* Development Engineers 



Figure 1. Dr* C. L. Kang , co-author, adjusts the Sweep Signal Generator Type 240— A. 


Sweep frequency testing techniques have 
been used in one form or another for a num- 
ber of years. Even before the cathode ray 
oscilloscope became available as a laboratory 
instrument, very slow sweep frequency de- 
vices were used in conjunction with mechan- 
ical recording systems to provide a graphic 
representation of frequency response. The 
commercial deveJopment of the cathode ray 
oscilloscope plus the increasing need for a 
rapid, accurate and convenient technique for 
aligning multi-stage wide band IF amplifiers 
used in radar, FM and TV systems created 
the need for the sweeping oscillator as a 
laboratory and production tool. 

Although many sweeping oscillators have 
been developed for this purpose, it has been 
fdt that in general no one instrument incorp- 
orated all of the desirable features, such as 
good center frequency stability, adequate 
shielding, flat high-level output, precision- 
calibrated attenuator for operation in the low 
microvolt region, low sweep rale, satisfactory 
marking system, and ability to operate as a 
CW signal generator 


NATURE OF SWEEP 
FREQUENCY METHOD 

To get a physical picture of how the sweep 
method works, consider a signal whose fre- 
quency is periodically varied (or swept) 
about a center frequency at a slow repetition 
rate. At a certain instant of each weep cycle, 
the instantaneous frequency, i.e. the rate of 
change of phase angle, passes a certain value. 
The signal can be considered to be a single 
frequency equal to the instantaneous fre- 
quency over a short interval of time around 
that particular instant of each cycle. 

Now the response of the network under 
test will be the steady state response at the 
instantaneous frequency plus a transient term, 
ff the network is not highly frequency sensi- 
rice, i.e., low' Q, its steady-state response 
changes gradually with frequency. Hence, the 
transient term will have small amplitude and, 
furthermore, it dies down quickly. 

When the rate of frequency change is low, 
the time interval over which the frequency 
can be considered constant is appreciable and 


enough time will be allowed for the transients 
to die down. In short, in low Q circuits with 
low rates of frequency change* the transient 
term will be small and therefore the response 
while sweeping is a close approximation of 
the steady state response. This is the basis of 
the sweep frequency method. 

SYSTEM REQUIREMENTS 

Before beginning the detailed development 
of a sweeping signal generator it is wise to 
carefully consider each of several funda- 
mental and inter related problems inherent 
in all such devices. The first, of course* is to 
decide on the most practical means for sweep- 
ing frequency in a linear fashion with suffi- 
cient controllability and stability to satisfy 
both wide and narrow band requirements. 

Providing adequate isolation between the 
generator and the load with constant ampli- 
tude high-level output and low distortion are 
inter- related problems made difficult by the 
desirability of a btoadband, untuned output- 
buffer system. 

It is often erroneously assumed that a high 
order of frequency stability is not essential in 
a sweeping device, because the frequency is 
constantly changing and some form of pre- 
cision marker is always used to determine the 
exact frequency location on the display pat- 
tern. Good frequency stability has been found 
to be quite essential, however, to avoid jitter 
in the display of narrow band sweeps, for 
zero sweep or CW applications, and for 
proper identification of markers by means of 
an accurately calibrated center-frequency dial. 
A fundamental problem exists in attempting 
to attain good frequency stability in a sweep 
generator since the parameter used for sweep- 
ing is usually unstable by nature and there- 
fore must be protected from extraneous effects 
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such as temperature, voltage And current vari- 
ations. magnetic fields, vibration, hysteresis, 
ere. 

Another problem is that of providing ade- 
quate identification of all significant frequen- 
cies under test. A continuously variable 
marker frequency cannot be generated having 
rhe crystal-controlled accuracy often required. 
Although it is sometime possible to use spe- 
cial crystals ground to the specific frequencies 
required for a particular test, this procedure 
i$ impractical for a genera] purpose, con- 
tinuously-tuned sweep generator, ft is also 
quite difficult to set up a system of multiple 
crystal -corn rolled markers that permits iden- 
tification of marker frequencies anywhere in 
the spectrum. The number and spacing of 
markers is of extreme importance as too many 
will be bard to identify at high frequencies 
and too few will not provide sufficient accu- 
racy at low frequencies. 


METHODS FOR GENERATING 
BROAD - BAND FREQUENCY 
DEVIATIONS 


There are several methods commonly used 
for generating wide frequency deviations in 
sweeping oscillator circuit's. These may be 
divided into two groups; One consisting of 
the mechanical methods of driving a capacitor 
Or inductor by means of a motor, vibrator Or 
speaker coil, and the other group consisting 
of all electronic variable- frequency devices 
such as reactance lubes, klystrons, saturable 
reactors, and ferroelectric capacitors. None of 
these is ideal in every respect, each method 
having definite advantages and disadvantages 
as listed in Table I. 


IDENTIFICATION 
OR MARKING FREQUENCY 

The fundamental problem confronted in 
frequency identification or marking is to indi- 
cate or mark the instant at which some vary- 
ing frequency signal passes a certain value, f fc . 

The two cases 1. — o 

2. f k o 

are distinctly different and will be discussed 
separately. 

1. f k — 0 This is the zero beat case. 
The varying or swept frequency is beat with 
a fixed reference frequency to obtain a differ- 
ence frequency as observed On an oscillo- 
coincidental with the reference frequency, the 
difference frequency' becomes zero. The differ- 
ence frequency as observed on an oscillo- 



TABLE 1 


SWEEP 

METHOD 

advantages 

DISADVANTAGES 

Mechanical 

Rlgb Q at all frequencies. 

Microphonlsm causing 

Devices 

High output possible (with- 

frequency jitter. 


out better stage}. 

Non-linear sweep » 


Workable over wide range of 

Mechanical maintenance 


output frequencies. 
Wide sweep range. 

problems . 

Reactance 

Good stability and accuracy. 

Limited to narrow sweep at 

Tube 

Non - mi or opbenic . 
Linear sweep, 

low frequencies. 

Saturable 

Wide sweep range. 

Low Q at high frequencies. 

Reactor 

Good stability and accuracy. 

Susceptable to AC magnetic 
fields. 

Hysteresis effects. 


N on -rn i o r op honlc . 
Linear sweep. 

KlystrOO 

Wide sweep range. 

Frequency jitter. 

Beat 

Method 

Workable over wide rang® of 

Low output. 

output frequencies. 
Llnoar sweep. 

Non -mi cr ophonlc . 

Poor accuracy al low Creqs. 

Ferroelectric 

N on^micr op hon 1c . 

Excessive temperature Coeff. 

Capacitor 

Linear sweep. 

Low Q, 

Hysteresis effects. 


scope has a characteristic notch, when the 
difference is zero, which unfortunately is 
quite wide and jumps up and down due to 
random phase relations. Thus it is rather 
difficult to derive some triggering signal at 
the instant of zero beat to initiate a mark. It 
has been done by using the sum of squared in- 
tegrals of quadrature zero beat wave forms. 1 
The circuitry used is by no means simple. 
However, if the zero beat wave form is dis- 
played on an oscilloscope, its center, i.e, the 
instant of zero beat, can be located quite 
accurately with the minimum amount of cir- 
cuitry. 

2. f k yL o In this case, we do not use 
the characteristic zero beat notch. However, 
the response of a frequency-sensitive network 
to the varying, or swept, frequency signal 
can be used to initiate a mark. The sweeping 
frequency will produce a given difference 
frequency twice; once as it approaches the 
reference frequency and again as it recedes 
from the reference frequency after going 
through zero beat. The problem is of the same 
general nature as detection of an FM signal, 
but the rate of frequency change encountered 
in sweep frequency technique is usually much 
higher and FM detection concerns chiefly 
change of frequency while here the actual 
value of the frequency js of importance. 

Different methods fall into two general 
categor ies : 

(a) Frequency marked by a maximum or 
minimum response. — The absolute level of 
response is therefore nor important. The main 
difficulties with this are: 

(1) Shift of envelope peak due to rate of 
frequency sweep. — The network used must 
be highly frequency sensitive in order to get 
a sharp peak. This very feature, however, 
leads to a shift of the peak when swept, which 
results in inaccuracy. Furthermore, this shift 
is not constant, h depends not only on the 
rate of sweep and sweep width* but also on 
the direction of frequency change. The pro- 
cess of deriving a trigger from the peak re- 
sponse also introduces some additional in- 
accuracy, especially If the peak is not very 
sharp. 

(2) It would be difficult to design a trig- 
ger circuit which would handle a wide range 
of amplitudes from the frequency sensitive 
circuit. 

(5 At a low rate of frequency change Or 
for a narrow sweep width it may be difficult 
to gel a high enough Q to give a sharp peak, 

(4) Any envelope detector will add an ad- 
ditional delay in the marker display, 

(b) Frequency marked by a reference 
amplitude of response of a frequency sensi- 
tive network: 

The problems encountered are; 

( 1 ) A network of high selectivity is need- 
ed to obtain sensititivy and resolution; this 
feature introduces undesirable effects due to 
the sweeping rale. 

(2) The performance or accuracy of the 


]. D Sunstcin and J. Teller, "Automatic Cali- 
brator for Fteqtiency Meters ". Electronics, vol. 
17. May 1944 . 
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system will depend very much on the stability 
of the frequency sensitive network and also 
on the performance of the amplitude com- 
parison circuit used to initiate the marker. 

The frequency markers may form a fixed 
scale with a mark appearing at 5 me or 10 me 
spadngs or there may be a variable marker 
which can be set at any specific value of fre- 
quency. For a fixed scale, it is desirable to 
have a choice of marker spacings to At differ- 
ent sweep widths. The output indications 
super -imposed on the response curve may be 
zero beat signals between sweep and reference 
signals (usually referred to as "birdies"), 
short pulses, or intensity modulation of the 
scope. In this respect, the "bird/e" markers 
have the drawback that they tend to confuse 
the display more than the other methods do. 

The signal whose frequency is marked can 
either be the input or the output from the 
circuit under test. In the latter case, the 
possible wide range of variation of output 
amplitude poses a difficult problem for mix- 
ing. Also the R.F. output may not be easily 
accessible without disturbing the system under 
test. It is therefore generally desirable to 
Sample the input signal for marking. 

Markers are not labeled directly in fre- 
quency* and therefore a positive and con- 
venient way to identify a mark is of im- 
portance. 



SYSTEM DISCUSSION OF 
SWEEP SIGNAL GENERATOR 
TYPE 240- A 

Having discussed the various aspects of 
sweep frequency measurements we will de- 
scribe the BRC Sweep Signal Generator Type 
240-A and indicate various techniques em- 
ployed to satisfy the essential requirements. 

Referring to Table I, ir becomes apparent 
that the saturable reactor system offers many 
advantages for attaining the required wide 
linear sweep with good frequency stability' 
and accuracy at frequencies below 150 me. 
Although the low Q limitation of the best 
commercially available ferrite material suit- 
able for high frequency use was found to be 
quite severe, a satisfactory oscillator was de- 
veloped utilizing two high Gm triodes (type 
5718) in a push-pull Colpirts circuit. Suffi- 
cient output with good waveform was thus 
Attained under this low Q condition without 
exceeding plate dissipation ratings. 

The R.F. Section of the Generator is shown 
in the photograph in Figure 2 and the block 
diagram in Figure 3. Center frequency tun- 
ing of the Sweep Oscillator is accomplished 
by means of a split stator capacitor in con- 
junction with a band selector switch for con- 
necting any one of five saturable reactors. 
These reactors are driven by a specially shaped 
saw-tooth current developed and stabilized by 
the sweep circuitry. The problem of 60 cycle 
held modulation of the ferrite reactor by the 
power supply was solved by use of double 
magnetic shielding plus proper location and 
phasing of the power transformers. The re- 
sulting hum modulation was thus reduced to 
less than 0.00 \ c /t of the carrier frequency. 


Figure 2. The Type 240— A RF Head, Switched saturable reactor windings, tuned by a 
variable air capacitor , contra/ the 4.5- 720 MC frequency of the oscil lator* The swept 
frequency signal is monitored for flatness at the output of the buffer and for level at 
the continuously variable and the step attenuators. Special shielding, filtering, and 
grounding keep stray leakage at a low level. 
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Figure 4. Block Diagram - Marker System. 


The hysteresis effect in S3 Stable reactors 
can be extremely serious in some designs, 
causing erratic frequency changes by as much 
as 50 r /f each time the bias current and sweep 
voltage is applred to the system. It was found 
fhar this effect could be reduced to tolerable 
levels of less than 1 r /c by proper choice of 
magnetic material in the reactor yoke assem- 
bly as well as the ferrite material used for the 
reactor itself. Proper design of switching 
circuits to eliminate transients also proved 
effect i ve in i educing erratic hysteresis effects. 

A grounded -grief 6BK7A buffer -amplifier 
follows the oscillator to reduce the effects of 
output impedance variations and AM modula- 
tion on oscillator frequency. Following the 
buffer stage is a shunt crystal diode modulator 
capable of providing 30^ audio modulation 
from a low power 12AU7 RC oscillator. 

Tlie swept RF output is monitored by 
means of a full wave crystal diode peak-to- 
_peak rectifier circuit that delivers to the con- 
trol amplifier a DC voltage proportional to 
the fundamental RF level. The difference 
voltage betweeo this rectifier and a stabilized 
DC reference voltage is amplified by a high 
gain DC amplifier to provide control of rhe 
oscillator plate voltage through the 6AQ5 
series control uibe. The resulting sweep flat- 
ness does not vary more than 0.7db as meas- 
ured on a bolometer bridge. To permit audio 
modulation under CW conditions the AGC 
loop is opened up as indicated in the block 
diagram Figure 3. 

The output attenuator system consists of a 
continuously variable 010 db pad for adjust- 
ing the RF voltage at the input to a ladder 
rype step attenuator having 10 steps of 10 dh 
each. The output level is thus continuously 


adjustable by utilizing the R F, Level Meter 
to interpolate between the 10 db steps of the 
step attenuator. The attenuator dial is cali- 
brated to show die RF output in terms of full 
scale meter reading in either volts, millivolts 
or microvolts as attenuation is Increased, 

The Sweep Signal Generator Type 240-A 
has a linear frequency sweep of triangular 
wave form. The Sweep Width Control 
changes the frequency excursion symmetric- 
ally above and oelow the center frequency 
which remains constant at the value set ot\ the 
continuously tuned dial. In order to extend 
the use of the signal generator to more fre- 
quency-sensitive networks, rhe sweep rate is 
made variable from 70 cps down to 20 cps. 

A variable- frequency multivibrator pro- 
duces a square wave which is integrated to 
give a triangular wave. This triangular volt- 
age waveform is made available through the 
sweep circuit amplifier for producing deflec- 
tion on (lie oscilloscope horizontal axis. The 
same triangular voltage is amplified and 
shaped by tliree diodes to develop the re- 
quired current waveform necessary to obtain 
a linear frequency sweep. During the de- 
creasing frequency porrion of the sweeps the 
rJ. oscillator output is reduced to zero to 
provide a zero level reference line. Provisions 
are also made so that the sweep circuit can be 
driven from an external source. 

For frequency marking, the zero beat type 
marker system was adopted not only because 
of circuit simplicity, but also because of its 
good accuracy. (See Figure 4.) Tlie problem 
of avoiding confusion of display doe to the 
presence of loo many 4 'birdie k ' (zero beat 
type) markers is uniquely solved by provid- 
ing two movable pips (short rectangular 


pulses) which can be set anywhere on the 
pattern in reference to the bird it markers 
which can then be turned off (caving only 
two clean pip markers. 

The harmonic generator generates a fence 
of crystal -control led reference frequencies 
wjrh a choice of spaeings; 2.5 me., 0.3 me or 
0.1 me. The sweep signal beats with the refer- 
ence fence, giving birdie markers at the same 
spacing as the reference fence. The swept 
signal sample is taken at constant level from 
the buffer stage following the oscillator. 

The movable pip markers are generated by 
a naonostablc rou Hi vibrator which is triggered 
by two adjustable delay multivibrators. The 
two delay circuits are themselves triggered by 
a pulse from the multivibrator in rhe sweep 
circuit. The time delays and hence the pip 
marker positions, therefore, both have the 
begimng of each sweep as reference. The 
calibration of the CW frequency to an accu- 
racy of zb 1 % provides a satisfactory way of 
identifying the frequency markers. 

CONCLUSION 

A sweep frequency signal generator has 
been developed possessing many desirable 
features heretofore unavailable in a com- 
mercial instrument of this type. These include 
a high order of frequency stability, continuous 
center frequency adjustment from 4,5 to 120 
me, wide range of sweep width in conjunc- 
tion with variable sweep rate, good linearity 
and constant amplitude high level Output with 
good isolation between oscillator and load. 

Additional features include ability to Oper- 
ate as a well- shielded CW signal generator 
with AM modulation and precision output 
voltage calibration down to 1,0 microvolt. 
Last, but not least, is a self-contained marker 
system providing a versatile display of crystal- 
controlled beat type markers and two movable 
pip markers, thus offering the unique com- 
bination of very accurate marking, a dean 
display, and easy identification. 
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Aud io Frequency Measurements 
Using The Coupling Unit Type 564-A 







t 




Fjgure I. The Coupf/ng t/nif Type 564^4 mounted on a 0 Mete/ Type 260-4. 


The voltage injection and Q-meaiuring cir- 
cuit s of the Q Meters Type 1 60- A And Type 
260 A will perform Satisfactorily at frequen- 
cies well below the lower limit of 50 kc pro- 
vided by the self-contained oscillator. 

Since the impedance of the thermocouple 
circuit k quite low (0.3 ohms in the Q Meter 
Type 260 -A), it is often inconvenient to 
locate a source of audio- frequency voltage 
having a low enough output impedance to 
supply the current required to drive the Q 
Meter injection circuit. 

To overcome tins restriction BRC now 
offers the Coupling Unit Type 56d- A which 
makes feasible Q measurements io the fre- 
quency range of l he to 50 kc. This unit con 
tains an impedance-matching transformer 
whose response varies less than 2 db over the 
above frequency range. 

When working rnto the 0.3 ohm imped- 
ance of the Q Meter Type 260-A injection 
circuit, it presents an impedance of Nio ohms 
to the output of the auxiliary oscillator. Any 
suitable commercial audio oscillator having 
a variable output of up to .12 volts may be 
used. 

The coupling transformer is mounted in a 
steel housing which may be fastened directly 
to the top of the Q Meter cabinet. Two bind- 
ing posts, one insulated from ground (red 
insulator) and one grounded inside the hous- 
ing (black insulator), provide for the Con- 
nection of the auxiliary oscillator output. A 
12 inch coaxial cable with a UG-SS/U plug 
serves to connect the transformer secondary 
to the Q Meter injection circuit. 

A, Mounting 

The Coupling Unit may be firmly mounted 
by fastening it to the lop of the Q Meter 
cabinet. This may be done in the following 
manner. Facing the Q Meter, remove the 
left-hand Phillips screw from the row at ibe 
top rear of the cabinet. Using the longer 
screw supplied with the Coupling Unit, 


fasten the unit to the Q Meter at this point 
by means of I he drilled base flange, as shown 
in Fig. 1. 

B* Connection 

1. Set the frequency range indicator mid- 
way between any two ranges (he. be- 
tween detents). 

2. Remove the small panel on the rear oT 
the Q Meter cabinet. 

3- Disconnect the local oscillator by remov- 
ing the BNC type plug from the injec- 
tion circuit receptacle, located near Lhc 
top of the opening. 

4. Attach the Coupling Unit coaxial con- 
necting cable (o the injection circuit 
receptacle. 

5. To avoid measurcmenl errors from leak- 
age into the measuring circuit, connect 
the output of the auxiliary oscillator to 
the binding posts of the Coupling Unit 
with a length of SHIELDED CABLE \ 
connecting the center conductor to the 
red and the shield to the black insulated 
post. (CAUTION: Turn voltage output 
of oscillator to zero before making this 
connection.) 

6. Select the desired frequency on the auxi- 
liary osciJla:ioi\ and increase the output 
voltage slowly until the Multiply Q By 
meter indicates Xl. 

C» Measurement Procedure 

For low frequency measurement instruc- 
tions, refer to me Q Meter Type 260- A in- 
struction manual. 

D, Input Voltage Requirements 

Because the response of the Coupling Unit 
varies slightly with frequency (largely be- 
cause of the capacitance of the output cable) . 
the oscillator output voltage required to pro- 
duce a XI reading on the Multiply Q By 
meter will increase ai frequencies approach- 


ing 50 kc. Fig. II indicates the signal volt- 
age requirements within the frequency range 
of the Coupling Unit. 

E. Low Frequency Q Voltmeter 

Correction 

The Q-iodicating voltmeter circuit of the 
Q Meter has been Bypassed in order to pro- 
vide optimum performance at frequencies be 
tween 50 kc and 50 me. For this reason the 
response of (he voltmeter to low audio fre- 
quencies is not flat, and a correction, indicated 
in Fig. 11! t must be applied to the observed 
Q or LO Q reading to obtain the corrected 
value of indicated Q, 

F. Use With Q Meter Type 160-A 

Although designed primarily for operation 
with the Q Meter Type 260- A, the Coupling 
Unit may be used with the older Q Meter 
Type 160-A if the following requirements 
are observed: 

1. The auxiliary oscillator used must have 
a maximum output of at legist 30 volts. 
Input voltages higher thin those indi- 
cated in Fig. 11 will be. required. 

2. An adapter must be prepared to permit 
connection of the Coupling Unit output 
to the phone jack on the top of the Q 
Meter cabinet. Such an adapter may con- 
sist of a standard phone plug and a 
UG-29I/U receptacle, connected by a 
short length of RG-58/U cable. 



Figure 2- input vo/fage required for XI reading 
on o Muff/pfyO Qy meter, over frequency range 
of Coupling Unit. 



Figure 3. Law frequency' corrections lot hid/* 
cofed 0 aiisorvod on 0 Meter Type 260— A, 
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An RF Voltage Standard 
Supplies A Standard Signal 
At A Level Of One Microvolt 

CHARLES G. GORSS, Development Engineer 



Figure 7. The RF Yoltage Standard Type 245- A> 


The sensitivity of a radio receiver is a well 
advertised feature, and properly so since it is 
one of the most important attributes of a re- 
ceiver. This sensitivity often is in the order 
of one microvolt or less, and the direct meas- 
urement of rf voltages at this level is seldom 
possible and never accurate. 

The generation of a level of voltage which 
cannot be accurately measured presents a 
problem since the receivers under test ire the 
only devices capable of even detecting the 
presence of these diminuativc voltages. To 
use a receiver of unknown sensitivity to meas- 
ure these levels would not be an accurate 
process. A solution to the problem is a source 
of rf voltages, at microvolt levels, which 
can be established with a definite and reason- 
able accuracy without actually measuring it at 
the low levels. 

GENERATOR 
OUTPUT SYSTEMS 

Numerous signal generators arc in exist- 
ence with an output range including l micro- 
volt. They usually depend on a voltmeter 
which monitors the voltage input to an at- 
tenuator system having a very large attenu- 
ation ratio and whose internal impedance 
generally varies with frequency and often is 
nof accurately known. Both the voltmeter 
accuracy and the coupling to the attenuator 
may vary with frequency. 

The piston, or mode cutoff, attenuator is 
regarded as one of the best types of attenu- 
ators commonly used in signal generators to- 
day, However, there are serious drawbacks 
to high precision over a broad band of fre- 


quencies, The fact that there are spurious 
modes generated in the attenuator detracts 
from irs accuracy. Of course, the effect can 
be calculated for a mechanically perfect unit. 1 
However, the dimensions, the rouodness of 
the tube or lack thereof, and the angular 
alignment of the input and output loops all 
influence the accuracy of such an attenuator 
to a great degree. Besides this, the apparent 
diameter of the tube changes as the frequency 
drops, due to an increasing penetration of the 
metal of the tube by the field. One last and 
serious drawback i$ that no check with precise 
direct current instruments is possible, 

VOLTAGE 

TRANSFER PROBLEMS 

Even if One were capable of producing an 
accurate Output of one microvolt level from 
a system, there must be a way to accurately 
transfer it to a receiver. The device should 
therefore have a resistive output impedance 
equal to the characteristic impedance of the 
cable to be used to connect the standard source 
to the receiver. The subject of connecting 
signal generators to receivers has been ade- 
quately covered in a previous article^ in The 
Notebook, 

A device which could produce an accurate 
level of one microvolt through a known im- 
pedance would be a powerful tool for stand- 
ardizing signal generators being used to check 
sensitivity of receivers. In the development 
laboratory, or on the manufacturing line, or 
in the calibration laboratories of a large re- 
ceiver user* such as an airline which wants to 
be sure of receiver performance, there is an 


immediate need for an instrument of this 
kind. The RF Voltage Standard Type 245-A 
is such a device. 

CALIBRATED 
RF VOLTAGE SOURCE 

The RF Voltage Standard Type 24 5 -A, 
shown in Figure t, takes approximately the 
full output of an average signal generator 
over the frequency range of MOO me, pre- 
cisely monitors the high level input to an 
attenuator system* and accurately attenuates 
this voltage to the microvolt region. The now- 
accurately-known signal at microvolt level 
appears in the output circuit in series with a 
50 ohm resistive impedance. 

The use of this device to calibrate a signal 
generator is relatively simple as illustrated in 
Figures 2 and 3. The signal generator is con- 
nected to the RF Voltage Standard by the 
integral input cable, and the generator rf 
output increased until the RF Voltage Stand- 
ard monitor meter reaches the reference line 
corresponding to the desired output Level, 
The - output is connected to the receiver an- 
tenna terminals by an output, cable with a 
50 ohm termination such as a Type 50 I B. 

Once the receiver output indication has 
been recorded, the Type 501-B cable is con- 
nected to the sigoal generator output in place 
of the Rf Voltage Standard as shown in 
Figure 3 The sigoaJ generator attenuator is 
turned down till the same output indication 
is observed on the receiver as had been pre- 
viously recorded for the output of the RF 
Voltage Standard. The signal generator is 
now furnishing the same level as the RF 
Voltage Standard had been and the signal 
generator attenuator setting is recorded as 
a standardized point. 

ACCURACY REQUIREMENTS 

Of course, no comparison Standard can 
correct for errors arising from voltage stand- 
ing waves on the output induced by incorrect 
values of the generator output or load input 
impedance and this impedance must be close 
to 50 ohms for maximum accuracy. 



Figure 2. Step No. 7 RF voltage of high level 
is obtained from the signal generator and mea- 
sured. The attenuated Output is detected at 
low level on a receiver and 0 reference reading 
noted. Calibration applies te the end of the 
terminated output co£>/c. 
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ATTENUATOR SYSTEM 

The accurate attenuator system, which is 
the heart of the RF VoJtage Standard, is a 
variation 0 / the Micropotentiometcr principle 
described by M. C, SeJby of the National 
Bureau of Standards, 14 The output voltage is 
generated by causing a monitored current to 
flow through a 2 miUiohm concentric disc 
resistor. This disc resistor is thinner than the 
penetration depth of the current by several 
times at all useable frequencies. The conse- 
quence of this fact is that the resistance can 
be determined very accurately by DC means 
and will not vary from this appreciably in the 
frequency range of this device. By the very 
nature of the symetrical annular design the 
inductance of the disc is of a negligible mag' 
nftude. 

The current into the disc is controlled by 
placing the disc in a coaxial system at the 
terminus of a resistive concentric line which 
is designed to have no frequency depen dance 
as shown in Figure 4, The resistance of the 
line is 50 ohms, and the line appears at its 
input as a non-reactive 50 ohm termination, 1 
As far as the input is concerned, the 2 rnilli- 
ohm disc is a short circuit. 

A diode voltmeter monitors the input to 
the termination. The VSWR of the resistive 
Hoe is very low to well above 500 me and 
therefore the current flowing in it will remain 
constant with frequency changes if the volt- 
age at the input is constant. The output im- 
pedance of the device is controlled by a 50 
ohm resistive section on the output side of 
the disc resistor. This resistive line is designed 
cxacrly like the input section. The output con- 
ncctor is joined to this section by a fifty ohm 
loss-less air line having negligible discon- 
tinuities, 

MONITORING SYSTEM 

The crystal voltmeter system uses a new 
UHF crystal diode in a specially designed 
coaxial mounting. The crystal is operated in 
a rather unique fashion. A 700 microampere 
current flows through the crystal at zero rf 
input. This bias stabilizes the characteristics 
of the diode to a much greater degree than 
they would be in a no bias state. The DC 
output current of the diode is taken from the 
rf assembly through an rf filter which pre- 
vents any leakage from the high level side of 
the attenuator. 



Figure 3. Step No. 2. Tfi* bw level output of 
the signal generator is a d justed to produce the 
same reference level reading an the receiver 
as was produced f>y tbe unknown law level 

output of the RF Voltage Standard, 



Figure 4* RF Voltage Monitor and Control Attenuator System of the RF Voltage Stan- 


dard Type 245-A * 

In order to keep the low impedance of the 
crystal detector from seriously damping the 
20 microampere de output meter, a common 
base transitor amplifier is used. The output 
impedance of this configuration is high 
enough to leave the meter just about crjticaljy 
damped. The current amplification of such a 
device is essentially tv or about 0.98 times the 
input current for the RD252IA transistor 
which is used in this instrument. This repre- 
sents no serious loss in output, and since it is 
a very stable property of a transistor there is 
no serious loss of stability. 

Power to operate the transistor and the 
crystal bias circuitry comes from a small self- 
contained battery used at low current drain. 
Battery life is essentially "shelf life". 

CONCLUSION 

In conclusion, the RF Voltage Standard 
Type. 24 5 -A is a simple, self-contained, port- 


able and accurate solution to the problem of 
low rf level measurements. It offers outputs 
of 0.5, 1, and 2 microvolts with significant 
accuracy and has an output impedance of 50 
ohms with a low Voltage Standing Wave 
Ratio. This instrument can offer great assist- 
ance toward resolving the existing confusion 
in the comparison of signal generators and 
receiver sensitivity measurements. 
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NOTE FROM THE EDITOR 


Every Spring your editor hoars the noiso 
of unusual activity in the Sales Depart- 
ment, T his Spring the noises have reached 
an unusual volume. We were finally ap- 
proached with a request for permission to 
include some descriptive information on 
new equipment in the envelope with this 
Issue of The Notebook, It is our policy 
to include in these pages information of 
the most general technical interest pos- 
sible, We are not, however, insensitive 
to the value of really new information on 
new equipment. The new equipment wifi 
be on display at the IRE Convention in 
New York City at Kmgsbridge Armory. 
However, many of our readers may not be 
able to attend the Convention. Far them 
especially we have included some extra 
information in our envelope. We believe 
you J ll profit by reviewing our enclosure. 

We published our first issue of the Note- 
book one year ago this month. In the first 
issue we indicated our intention of dis- 
tributing information of value on the theo- 
ry and practice of radio frequency and 
measurement. We believe that an article 
on the lost page of the current issue list- 


ing on “INDEX” to previous issues of 
The Notebook is worth reviewing to de- 
termine how we hove implemented our in- 
tention, Our editorial plan for The Note* 
book requires the publication of five arti- 
cles in each issue; one article in each of 
the following categories: 

h Articles of broad technical interest of 
general and lasting usefulness in the 
measurement field* 

2. Articles of more popular technical in- 
terest and practical nature. 

3. Articl es covering instrument applica- 
tion ot service material* 

4. Non-technical articles of general in- 
terest. 

5» Notes from the Editor, 


IF YOU FIND MATERIAL OF INTEREST 
IN THE INDEX WHICH IS NOT IN YOUR 
HANDS, PLEASE, LET US HEAR FROM 
YOU. We still have o few extra copies of 
past Issues* 
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Some VHF Bridge Applications 

NORMAN L. RIEMENSCHNEIDER, Sales Engineer 


JUL 11 t955 


Recognizing the gap that inevitably ex- 
ists between the basic information offered 
in the instruction manual and the inherent 
potentialities of the instrument involved* 
this article is written with the intent of 
sharing our knowledge of the RX Meter 
Type 250-A and offering the benefit of our 
field experience. 

For those nor having a speaking ac- 
quaintance with the RX meter, we might 
briefly mention that it consists of a V.H.F. 
Schering bridge, signal generator, and a 
detector - indicator completely self - con- 
tained in one unit which measures imped- 
ances from 500 KC to 250 MC in terms of 
equivalent parallel resistance and parallel 
capacitance for inductance). It will be 
shown that with these basic elements and 
some understanding of the principles in- 
volved, the bridge lends itself to many ap- 
plications not immediately obvious. 

Measurement of Transistors, Vacuum 
Tubes, Diodes and Biased Circuits 

The RX Type 250-A Meter by virtue of 
its design lends itself very conveniently to 
the measurement of circuits under condi- 
tions of normal bias and operating volt- 
ages. Since there is a d.c. path between 
the bridge terminals with a a.c. resistance 
in the order of 66 ohms, biasing currents 
up to 50 ma can be introduced through 
the bridge and the component in the man- 
ner shown in Figure 1. In using this par- 
ticular circuit the capacitor C should be 
made large enough so as to have negligible 
reactance at the operating frequency. It is 
desirable to use a d.c. source having a 
much higher voltage than required, and 
reducing the voltage through resistor R. 
By keeping R high the effect of the D.C. 
supply source is minimized. 

For measurements requiring biasing cur- 
rents in excess of 50 ma the circuit shown 
as Figure 2 is suggested. In this arrange- 
ment the biasing current circumvents the 
bridge and therefore there are no restric- 
tions imposed upon its magnitude. Here 
again it is desirable to keep C large enough 
to have negligible reactance. Since the 
purpose of the R.F. choke is to isolate the 
d,c. voltage source its inductance should 
be high. To preclude the possibility of 
any error due to the power supply, certain 
precautionary steps can be taken. Before 



The Author off on an engineering field 
problem with the bridge. 



Figure 7. Method of Applying DC Biasing 
Current Less Than 50 mo. 



Figure 2 . Method of Applying Biasing 
Current Greater Than 50 ma . 


attaching the test specimen, balance the 
instrument with the D.C. supply circuit 
conoected. If the range of t he balance 
controls is insufficient, balance the instru- 


ment by itself and measure the Cp and Rp 
of the D.C. supply circuit alone. The sub- 
sequent readings of the lest specimen can 
then be corrected (for the effect of the 
D.C. supply circuit) as follows: 


Cpx “ Cxo - C 0 


where 

c px. = °f specimen 
C X o = Cp of specimen & dc supply 
Co = Cp of dc supply alone 


R p\ = 


Ro x Rqx 
- Rqx 


where 

Rp X = Rp of specimen 
Ro - Rp of dc supply alone 
Rox = R p of dc supply & specimen 


The basic circuits shown in Figures 1 & 
2 can be modified or expanded as required 
to allow measurements to be made of the 
desired parameters in many types of cir- 
cuits. Some typical arrangements are given 
in Figures 3 to 9. In Figures 3 (tube input 
impedance) and 4 (crystal diode imped- 
ance) it should be noted the ground shown 
by dotted Line is the circuit ground and is 
not connected to the instrument ground. 
Figures 5 to 9, for which the author is 
indebted to the "Radio Development & 
Research Company" of Jersey City, New 
Jersey, are examples of some typical cir- 
cuits employed in the measurement of 
transistors. 

One factor rhat bears consideration in 
the measurement of vacuum tubes, tran- 
sistors, and diodes is the level of the r.f. 
voltage applied to rhe component under 
test. With the RX Meter this is in the or 
dtr of from 0.1 to 0.5 volts r.m.s. Should 
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the constants of the circuit be such that 
this level cannot be tolerated, the addition 
of a 2 watt, 50,000 ohm potent iometer, 
mounted in a louvre hole in the rear of 
the instrument and wired according to 
Figure 10 to reduce the oscillator volt' 
age, makes it possible to lower the applied 
r.f. voltage down to 0.02 volts with satis- 
factory sensitivity during the measurement. 

Measurement of the Self-Resonant 
Frequency of a Coil 

This procedure consists of finding the 
frequency at which the inductive and ca- 
pacitive reactances of the coil are equal 
(and opposite), and the coil itself looks 
like a pure resistance. The logical way to 
do this would be to set the Cp dial equal 
to zero and vary the frequency to obtain a 
null oo the indicating meter. However, 
since it is necessary on the RX Meter 
250-A to peak the "detector tuning” when 
operating the instrument at the higher 
frequencies, the self-resonant frequency is 
found by making two or three rapid pre- 
liminary measuremeots, balancing the in- 
strument, and obtaining the final value. 

The actual modus operand! is as follows : 

1. Set up the bridge in accordance with 
the preliminary instructions given in 
the instruction manual. For the first 
approximation select a frequency 
higher than the estimated selr-reso- 
nant frequency. 

2. Mount the coil on the instrument 
and measure it in a normal manner. 
If rhe Cp dial reads in the capacitive 
range, the frequency is too high and 
should be lowered for the next ap- 
proximation. Conversely, if the Cp 
dial indicates an inductance the fre- 
quency should be increased. The fre- 
quency change necessitated can be 
sensed from the effect on the Cp dial 
reading of the previous change, 

3. When the Cp aial reads within 1 or 
2 mmfds of the zero line, remove the 
coil and balance the bridge before 
making the final reading. 

Ir should be noted that while some 
manipulation of the Rp dial and some ad- 
justment of the "detector tuning" knob 
might be needed in making the rough ap- 
proximations, it is necessary to adjust the 
initial balance of the bridge only for the 
final measurement. 

With those coils having multiple reso- 
nances, the alternate parallel and series 



Figure 3, Typical Circuit lor Measuring 
Vacuum Tube input hnpedance on RX 
Meter, 



Figure 4, Typical Circut lor Measuring 
Crystal Diodes on RX Mofer, 


points can be identified by the accompany- 
ing respective high or low values of paral- 
lel resistance indicated on the Rp dial. The 
lowest parallel self-resonant frequency is 
the one used in the determination of dis- 
tributed capacity discussed below. 


Measurement of the Distributed Capacl- 
tance (Cd) of a Coil 


To consider an old friend very briefly, 
the expression for the resonant f requency 
of a series tuned circuit is; 

1 

f = ; 

2ir 'l LC 

This same relationship obtains with a 
parallel tuned circuit, for all practical pur- 
poses, if the Q is ten or greater. For the 
purpose of our discussion we shall consider 
coils falling in this category. 

Referring to (l) above, if rhe inductance 
is held constant but the capacitance 
changed to a new value, Q, then : 


Jl 

f2 


1 

2 7t V LCx 

1 ~ 

2tt yf LC 2 


or 



Figure 5. Collector Characteristics -- 
Grounded Base Tetrode. 



Figure 6. Collector Characteristics - ■ 
Grounded Emitter Triode . 



Figure 7. Cof/ector Characteristics - - 
Grounded Bose Tetrode. 


h_ = 

f 2 t Cl 


C 2 

Cl 


(V 


( 2 ) 


If, in the case of a coil, f, is the self-reso- 
nant frequency of f 0 , and C, is the distrib- 
uted capacity of the coil, C d , the relation- 
ship then becomes, 
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Figure 8. Emitter Characteristics Ground- 
'd Bose Trtode . 



Figure 9. Emitter Character] sites • - 
Grounded Emitter Trtode, 



Figure 70A, Terminal Voltage Reduction- 
Circuit Alteration . 


C2 

Cd 



( 3 ) 


and if frequency f. is made equal to 70.7% 

of f„, 


£? 

Cd 


. 707 f 0 


2 

) = 2 . 


(4) 


For the purpose of our discussion this can 
be written 


* C P = 2 and (5) 

Cd 

Cd = C p , (6) 

Where Cp is the amount of capacity need' 
ed in addition to the C t , of the coil to reso- 
nate the coil sat a frequency equal to 0.707 
times its selUresonant frequency. This 
value is equal to the C d of the coil and is 
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Figure . 70B. Diagram of Circuit Alteration. 

read directly off the silver portion of the 
C,, dial on the RX meter when the bridge 
is balanced. 

Thus to measure the C () of a coil on the 
RX Meter it is only necessary to determine 
iis self-resonant frequency, set the bridge 
at 0.707 times this frequency, and measure 
the Q directly on the C p dial. 

Measurement of Tuned Circuits 

Very often it is necessary to measure 
the Rp or Q of a tuned circuit at its reso- 
nant frequency. Since under these condi- 
tions the circuit Is essentially resistive, it 
merely necessitates operating the RX Me- 
ter at the resonant frequency, verifying 
the resonant condition by insuring the C,» 
dial reads zero, and reading the dynamic 
resistance directly off the R,, dial. Con- 
versely, the RX Meter can be set at the de- 
sired frequency and the tuned circuit ad- 
justed for resonance as evidenced by a nu/J 
on the indicating meter. Having the R p and 
being able to measure or compute either 
reactance, the Q of the tuned circuit can 
be determined from the relationship, Q 

=VX... 

By setting the RX Meter 250-A to the 
desired frequency, and the R t , and C ]F dials 
to the required values, the instrument 
adapts itself to the tuning of pi-coupled 
matching networks used on transmitters 
and to the adjustment of line terminations, 
equalizers, and filters. 

Extension of Ranges 

The RX Meter 250-A has a parallel re- 
sistance range of 15 to 100,000 ohms and 
a parallel capacitance range from — |- 20 
mmfd to ■ — 100 mmfd. The negative sym- 
bol denotes an inductance and the quantity 
is the amount of capacitance required to 
resonate it. These ranges can be extended 
by the following means which arc de- 
scribed for the particular extension de- 
sired. 

A. Manner of Extending Capacitance 
Range 

Referring to Figure 1), which is a 


graphical representation of the Cp dial on 
the RX Meter 250-A, it can be seen that 
when the dial is set at the 2 eto point, for 
the purpose of obtaining the initial bal- 
ance, there actually is a net capacity of 40 
mmfd across the terminals. Regardless of 
what measurement is being made, it is al- 
ways necessary to have this net capacity of 
40 mmfd for the bridge to balance; 
whether it is obtained by setting the Cp 
dul to zero, or setting it at -{-20 mmfd as 
would be done when actually measuring a 
capacity in this order, or measuring an 
L/C combination exhibiting a net capacity 
of 40 mmfd is of no consequence. As long 
as this net amount is present, the bridge 
will balance. 

Therefore, to extend the range of capa- 
citance measurement — say to something 
greater than 20 mmfd but not over 120 — 
it is only necessary to add a coil during 
the initial balance that will cause the bridge 
to balance with the C p dial at —100 mmfd 
instead of at zero. For a balance point at 
— 1 00 mmfd, this coil would have the 
amount of inductance necessary to resonate 
with 100 mmfd at the chosen frequency. 
Using the —100 mmfd value as the refer- 
ence point in this manner, and leaving the 
coil intact during the measurement, the 
capacity range now is from —100 to -(-20 
mmfd — nr a total of 120 mmfd. The in- 
ductance of the coil does not have to be 
known and the reference balance can be 
established at any desired point from zero 
to — 1 00. This allows quite a latitude in 
the selection of the coil. There are no re- 
strictions imposed upon the coil with re- 
spect to Q, since if the latter is not suffi- 
ciently high the equivalent R n of the coil 
itself can be read in the initial balance, 
and proper allowances made for it. From 
experience it has been found that in most 
cases any reasonable hand-formed coil will 
suffice without requiring corrections. 

Referring once again to Figure 11, it 
can be seen that by using a smaller coll B 
and adding a 100 mmfd. capacitor exter- 
nally across the bridge binding posts to be 
used in conjunction with the 100 mmfds 
On the Cp dial, it is possible to displace 
the original balance by 200 mmfd, and in 
this manner increase the capacitance range 
to 220 mmfd. The capacitance measure- 
ment thus becomes essentially one of sub- 
stitution, since after the unknown is added 
to the terminals, balance is sought by re- 
moving capacity on the Cp dial, 0. L mmfd 
at a time. If the measurement of the un- 
known is not made by the time the C n 
dial reaches the -j-20 point, the 100 mmfd 
capacitor used for extending the range is 
removed, the Cp dial returned to — 100 
and the process repeated until balance is 
obtained. In this way although the range- 
extending capacity is added in an incre- 
ment of 100 mmfd, it is removed by using 
the Cp dial in increments of 0,1 ijicofd. 
In a like manner, other 100 mmfd capaci- 
tors* in conjunction with smaller coils, can 
be used to extend the range of capacitance 
measurement stUl further. A variable pre- 
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Figure 11* Graphic Illustration o/ Manner of Ex/end/ng Capacitive Range of RX Meter 


250- A 

cisioo Capacitor is a very convenient device 
in these extensions since it increases the 
inductance latitude of the coils used for 
the extension. In all cases the value of 
capacity employed must be known since it 
is part of the calibration. 

Since the bridge has an inherent residual 
inductance of 0.003 microhenries (in series 
with the impedance being measured), the 
following restrictions are imposed to pre- 
vent the residual inductance from becom- 
ing a sizeable portion of the reading: 

1. Do not use auxiliary coils having 
less than 0.1 ub inductance, 

2. Tf necessary to use a coil of less than 
0.6 uh it must be adjusted to a re- 
actance value within dr20%: of the 
capacitance reactance under test and 
the following correction formula ap- 
plied to the RX Meter readings : 

True Cap = AC (1 + 

Where: 

C = Difference reading when test is 
connected in uuf 

L = Auxiliary inductance in uh 

3. The above limitations and correc- 
tions apply only when the junction 
between rest capacitor and auxiliary 
coil is directly under the knurled 
binding post nuts. 


For those cases where the frequency of 
operation does not allow the size of the 
coil used to conform to the above, it is 
possible to correct for the residual induct- 
ance as follows: 

True Cp dial reading = 


Where Cp T = Capacity as read 
on the Cp dial 
o> 2 = 4 tf 2 

- 0 . 003 microhenries 

Correcting the dial reading as shown 
above for the Cp readings with and with- 
out the addition of the capacitance under 
test will make the required allowances for 
the residual inductance and the capacitance 
range can be extended in the normal man- 
ner. Care must be exercised with respect 
to minimizing lead lengths, placing com- 
ponents, etc. 

Manner of Extending the Inductance 
Range 

For the measurement of the inductance 
of coils requiring more than the 100 
mmfds. available in the 250-A RX Meter 
to resonate them at the operating frequen- 


cy, additional known capacity can be added 
in parallel to the coil to obtain balance. 
The inductance of the coil would then be 

L= -I 

or (Cp dial rdg + ext. C) 

or the reactance 

X L = 1 

w(Cp dial rdg + ext. C) 

In the above, external capacity is con- 
sidered as having a negative sign as has Cp 
in this case. It his been found the range 
of measurement can be extended to include 
much smaller value of inductance by using 
an auxiliary resistor, connected in series 
with the "high'’ side of the coil, In this 
manner the overall Q is reduced which in 
turn allows smaller values of resonating 
capacitances in accordance with the rela- 
tionship. 


L S “ 


c P V 

-1 + Q 2 


The value of rhe auxiliary resistor, which 
is not critical, depends upon the inductance 
to be measured and some idea of the re- 
quired value can be obtained from the fol- 
lowing table. 


INDUCTANCE 
RANGE 
(Microhenries) 
10 to 1000 
1 to 10 
0.1 to 1 
0.001 to 0.1 


REQUIRED 

RESISTOR 

(Ohms) 

1000 

300 

100 

33 


The value and accuracy of the auxiliary 
resistor is not critical and need only be of 
the correct order. The following procedure 
is suggested for such measurements: 

a. Connect the unknown inductance in 
series with the auxiliary resistor across the 
RX Meter binding post. Using a mini- 
mum length of heavy, conducting strap, 
short the terminals of the inductance to 
remove it temporarily from the circuit. 

b. Balance the bridge circuit and note 
the values of obtained for the series 
resistor alone. 

c. Remove the shorting strap from the 
inductive component, restoring the latter 
to the circuit, and rebalance rhe bridge. 
Note the values of R t , 2 and Cp 2 for the 
series combination. Then the unknown in- 
ductance is obtained by 

L s =AC(Rp 2 )* 
where AC=Cpi -Cp 2 

It should be noted that the inductance 
is shorted out rather than removed to 
avoid alteration of the physical configura- 
tion of the components which might other- 
wise afFect the results. In dealing with 
extremely small inductance values, the in- 
ductance of the shorting strap itself will 
become significant and musr be considered 
in interpreting the results. 
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Extension of the Rp Dial Below 15 Ohms 

In deal ing with low Q devices it is some* 
times desirable to be able to measure re- 
sistance values below 15 ohms which is 
the lower limit of the direct- reading Rp 
scale. 

At higher frequencies (in the neighbor- 
hood of 200 me and above) the residual 
inductance of most components having se- 
ries resistance values below 15 ohms such 
as low-value resistors, may be sufficient to 
increase the equivalent parallel resistance 
value above 15 ohms so that it may be 
measured directly. If not, a small induct- 
ance (having negligible series resistance) 
connected in series with the unknown will 
be sufficient to increase the Rp of the com- 
bination to the range of direct measure- 
ment. 

At lower frequencies, the Rp of the un- 
known may be effectively increased for 
measurement by adding in series a small 
auxiliary resistor having a value prefer- 
ably between 15 and 25 ohms. The series 
combination is measured and the values 
R m and C |(1 are noted. The auxiliary re- 
sistor is then measured alone to obtain 
R,vi and C p2 . 

Then 

^8” R S 1 - R-s 2 and 


I^s - ^sl _ l S 2 
Series resistance in each case would be 



1 + Q 2 


Cp! and Cp 2 can be changed to their re- 
spective values of inductance L„, and 
in accordance with 

L s - CpRp 2 ^ 

1 + Q 2 ‘ 

Conclusion 

The foregoing discussion has not been 
presented in an effort to define the limits 
of the bridge, but rather to give some in- 
dication of its application in regions not 
readily apparent. As with any tool its 
ultimate potentialities are dependent upon 
the skill and ingenuity of the person using 
it. 
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MECHANICAL DESIGN 

REQUIREMENTS OF ELECTRONIC INSTRUMENTS 

DAVID S. WAHL BERG, Mechanical Design Engineer 
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Figure 7* The Front Panel of the BRC Sweep Signal Generator Type, Type 240-A 
illustrates the final solution of a mechanical design problem Involving mechanical 
placement t electronic function, nomenclature and esthetic factors. 

One of the most interesting and chal- 
lenging phases in the design of an elec- 


tronic instrument is that concerned with 
converting a set of specifications and a 
breadboard model into a practical, eco- 
nomical and useful product. It is at this 
stage of the endeavor that many of the 
problems become mechanical in nature. 

The Mechanical Designer's Problem 

From the moment the mechanical design 
of an instrument begins, a myriad of other 
considerations arise to confront what 
might otherwise seem a straightforward 
piece of electronic equipment. The mechan- 
ical designer must consider the electronic 
requirements of the Development and Pro- 
ject engineers, the functional and saleable 
appearance, weight and price insisted upon 
by Sales, and the mechanical urgencies of 
simple, rigid designs and drives using the 
proper materials. In addition the Shop 
must be allowed reasonable tolerances 
within the limitations of available proc- 
esses and equipment. Assembly should 
have units adapted to smooth work flow, 
and Inspection (and the user!) needs easy, 
accessible adjustments. Among many other 
factors are Purchasing's and Accounting's 
hopes that standard parts will be used, and 
Shipping's plea for enough unobstructed 
cabinet area to allow proper bracing in the 
packaging. 

Thus, as those in industry know, any de- 


sign comes about as the result of many 
compromises, all measured against the 
ultimate goal. 

The Front Panel 

Almost always, one of the first opera- 
tions in the design program is the prepara- 
tion of a front panel layout. However, this 
drawing also usually turns out to be the 
last one finished. A typical instance is the 
Sweep Signal Generator Type 240 A panel 
of Figure (2). The final symmetrical and 
functional grouping of the controls was 
arrived at after eleven distinct drawing 
revisions. Included were several major and 
many more minor changes, each one the 
result of discussion and action as the vari- 
ous problems of mechanical placement, 
electronic function, and dear titling were 
solved. As the give-and taJce proceeds be- 
tween esthetic and functional requirements 
versus circuit and control mechanism con- 
siderations, the front panel layout also 
starts to include the influences of frame- 
work and cabinet design. 

The Heat Dissipation Problem 

At this point the need for ventilation 
must be reckoned with. Close-accuracy in- 
struments usually require heavy duty, con- 
stant voltage power supplies with much 
attendant heat. Therefore, such a power 
supply is usually separated from other 
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Figure 2. The J90-A Q Unit solves the problem of rigidity, low capacitance and con- 
stant inductance . 


circuits ns far as possible, either physical- 
ly or by shielding, since it is the largest 
single source of heat. Once the power 
supply and other elements are located, and 
an estimate made of the heat to be dissi- 
pated, the ventilation paths and louvers 
are roughed out. Although most heat is 
carried off by convection Tf possible, the 
complete electrical shielding often needed 
around RF circuits prevent this. Jn these 
cases, heat must be conducted away by pro- 
viding shields or heavy conductors lead- 
ing to a large heat sink. Radiant heat is 
also a factor under these conditions. 
Bright metal shields can serve to bottle 
up" a good deal of heat energy* whereas 
proper treatment of the surfaces will cause 
them to absorb and help dissipate heat. 
Final word as to the adequacy of the cool- 
ing provided in an instrument usually 
awaits the completion of final temperature 
runs on the prototypes. Convection cur- 
rents occasionally cause uneven beating of 
critical components, and such problems 
must be resolved by baffles or circuit ad- 
justments before the design is completely 
'frozen 4 ' 

Dealing with RF Leakage 

The means of prevent iog RF leakage 
have a major influence in dictating the 
overall design layout. All circuits carrying 
heavy RF currents must be carefully bot- 
tled up with leakage paths kept to a mini- 
mum. Control shaft holes particularly 
must be brjdged by efficient shorting de^ 
vices. The shafting necessary to operate an 
RF unit may often be just the right length 
to perform as an antenna at UHF Fre- 
quencies. Gaskets or other sealing means 
are necessary to seal all covers and all ele- 
ments projecting into an RF held. 

RF leakage often does not rear its ugly 
head until near the end of a design project. 
As the final tests are being run several in- 
struments may pass well within the limits, 
only to be followed by another seemingly 
incurable "leaker ". This may need only a 
slight increase in contact pressure at a 


crucial point for a cure. But occasionally 
the mechanical designer finds to his cha- 
grin that a scarely measurable amount of 
RF has found a configuration of supports 
and surfaces that needs only a little RF 
energy to prove itself a resonant circuit of 
inductance and capacitance, last minute 
changes are then in order to tie dowo this 
last loose end. 

The Need for Rigidity 

Mechanical rigidity is a necessity in any 
accurate tool and is, iq fact, often a meas- 
ure of the accuracy attainable. A brief de- 
scription of the Rp dial drive of the RX 
Meter Type 2 50-A wilj underline the rea- 
sons for the massive structures occasionally 
required in an electronic instrument. One 
arm of the 250-A bridge network is adjust- 
ed by means of a small variable capacitor, 
C2, to which is geared the Rp dial, meas- 
uring parallel resistance. Although the ca- 
pacitance range is only, about IS mmf.. the 
dial scale length is expanded to about 28 
inches with the graduations spread out 
approximately logarithmically. Therefore, 
at the end of the dial indicating infinite 
resistance, where the capacitance is oear 
maximum, the increments must be extreme- 
ly small. 

This effect is achieved by a special shape 
of the rotor plates, but the practical rea- 
lization of such small increases in capacity 
depends largely on the accuracy and rigid- 
ity of the framework and drive. In the 
250-A these requirements are met by sup- 
porting the rotor on preloaded ball bear- 
ings carried in a massive Rousing. Anti- 
backlash gears are of course a necessity and 
the entire system is mounted in a rigid 
cast ing.These provisions make the rotor 
capable of resisting any deflection except 
the deliberate rotational movements need- 
ed in adjusting capacity. At the 500K ohm 
point on the dial, where the- capacitance 
stability must be of the order of .0.025%, 
an extraneous rotor movement as small as 
0.0001 inch will result in inaccuracies be- 
yond the specification Limits. 


The internal resonating capacitor might 
well be called the heart of the Q- Meter, 
and is an excellent example of the inter- 
dependence of mechanical and electrical 
design. Taking the 190-A Q unit as an 
example, the electronic requirements are 
low minimum capacitance, together with 
low and constant values of inductance and 
resistance all of which are difficult to at- 
tain in conveotional designs. Mechanically 
the design must be extremely rigid to as- 
sure constant and accurate re-setability. 
The massive structure ordinarily needed to 
attain the last-named end is in direct op- 
position to the minimum capacity require- 
ment. 

Reference to Figure (2) will show how 
satisfactory solutions were found for those 
conflicting needs. 

The stator is mounted by means of two 
rods soldered into the metallized slots of 
a high quality ceramic support. Insofar 
as possible it floats in air dielectric. In 
addition, the rotor travel is restricted to 
less than 180^, with the included angle 
of the stator reduced by a proportionate 
amount to result in rhe largest possible 
angular gap between the two at the mini- 
mum setting. JBy these means the capacity 
at minimum was limited to the lowest 
value com Datable with sufficient mechani- 
cal strength. 

Low and constant inductance between 
the stator plates is achieved by milling out 
a solid bar to leave only the outer shell 
and the plates, solidly connected with each 
other along their entire peripheries. A sec- 
ondary result of this method is the "built- 
in 1 shielding the shell provides from ex- 
traneous fields. 

The tandem edge wipers, contacting all 
the rotor blades in parallel, serve to reduce 
the associated inductance and resistance to 
a very low and nearly constant value and 
are rhodium plated to provide good wear- 
ing qualities. 

Where other considerations do not en- 
ter, rigidity is attained in the complete 
unit by mounting all the parts on a rigid 
cast frame. Al) shafts are carried on pre- 
loaded baJJ bearings. 

Conclusion 

It is hoped that this brief description of 
instrument building from the mechanical 
poiot of view has shown how absorbing 
this part of the design effort can be, and 
that it is not separate unto itself but as 
much a part of the program as is the elec- 
tronic design. Nevertheless a Mechanical 
Design Department would be something 
less than truthful for not admitting to the 
occasional feeJing that it was also the focal 
point of almost everyone's problems. How- 
ever. closer to the general truth is the plain 
fact that the Mechanical Designer has 
need for and receives much help from 
many people in the course of a design. A 
well-designed electronic instrument is the 
result of the co-operative teamwork of all 
those concerned with its inception, design 
and manufacture. 
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SERVICE NOTES FOR THE RX METER TYPE 250 -A 

BRUNO BARTH, Inspection Department Foreman 



Figure 7. RX Meter showing location of Mixer, Ballast, and I,F, Amplifier tubes. 


Operational problems wifh the KX Me- 
ter often can be traced to one of two 
sources; 

Problem No. I concerns tbe mixer tube 
6AB4. 

Problem No. 2 concerns the ballast tube 
6H-6. 

Both problems are easily identified and 
corrected in the field. In most cases Jess 
time is needed to make the necessary repair 
than going through the formality of hav- 
ing a repair order issued! 

Symptoms of a noisy 6 A B4 mixer tube: 

1. Difficult to balance the Rp diaL 

2. Impossible to balance above 100 MC. 

3. Insufficient range of fine and coarse 
balance controls. 

4. Instability of the null indicator. 

5. Increased null reading. 

A quick check of the 6AB4 mixer tube 
is to tune the oscillator for maximum read- 
ing on the null indicator meter with the 
bridge unbaJanced. Balance for minimum 
indication of null indicator. The reading 
may be 1 to 3 divisions or so. Switch the 
range switch out of detent. This will dis- 
able the oscillator. 

If the needle does not fall to zero the 
6AB4 is noisy. The amount indicated will 
reduce the sensitivity and accuracy of the 
R P d ial accordingly. The mixer tube 6AB4 

EDITOR'S NOTE 

Due io a mechanical error Fig-2 and Fig- 3 in 
the previous issue (Spring, were inter- 

changed, Also, tbe text in the caption at d>e 
fool of column I on page 7 should read : . . 

was produced by t be known low level output 
of the RF Voltage Standard. m We shall try to 
avoid a repetition oj this situation in the 
future. 


is found in the bottom rear of the bridge 
casting which contains rhe Cp dial assem- 
bly. (See Figure ).) It is advisable to use 
the same brand tube as found in the instru- 
ment: and it may also be necessary to try 
several tubes before satisfactory results arc 
obtained. The company supplies a specially 
selected 6AB4 tube, BRC ^301637. 

Incidentally, an increased null reading 
can also be caused by one or both 6AG5 
tubes in the IF. amplifier — .3/201 and 
V202 — trying a few tubes and checking 
the null indication will tell the story. 

Be sure to turn the instrument off when 
changing the l.F. tubes. V20l is in the 
regulated filament supply. Removal ■ of 
this tube in operation will overload rhe 
6H-6 ballast rube and also Hie two oscil- 
lator tubes. 

Mention of the 6H-6 ballast tube re- 
calls to mind that some instruments were 
returned for repair because someone re- 
placed the 6H-6 with a 6H6 tube. In all 
cases replacement of the 6H6 with a 6H-6 
was alt that was necessary to put the 
RX Meter back in operation. 

Symptoms of a faulty 6H-6 ballast tube 
are; 

1. Oscillator ranges 6-7-8 intermittent 
or inoperative. 

2. Oscillator output low as indicated by 
the peak reading of less than 30 or 
33 on the null indicator. 

3- Oscillator output will decrease at the 
low frequency end of the higher 
ranges. 

4. Visual— any noticahle kink jn the 
6H-6 filament. 

3. Oscillator is completely inoperative, 

To check voltages use voltage check 


points of figure (2) below. 

Removal from Cabinet: The bridge and 
oscillator assemblies of the instrument are 
permanently fastened to the front panel 
and arc removed from the cabinet as a unit. 
The power supply and amplifier arc con- 
structed on a separate chassis, located end- 
to-end in the rear section of the cabinet 
and fastened lo the bottom of the cabinet 
by four screws each. All four major sub- 
assemblies are interconnected by cables 
with removable plugs. 

A large portion of any required main- 
tenance, such as replacement of tubes> may 
be accomplished by removing the front 
panel (with bridge and oscillator) and top 
pane! together. This may be done as fol- 
lows: 

1. Remove all 12 black Phillips screws 
from the top panel. (Do not. remove 
or loosen any of the screws on the 
terminal plate.) 

2. Remove the four Phillips screws 
from each side of the front panel 
and the three from along the bot- 
tom edge. 

3. The top and front panels may now 
be tilted forward from the cabinet 
io provide access to the interior of 
the instrument. If it is desired to re^ 
move them entirely, the plug connec- 
tions on the internal cables to the 
power supply and amplifier must 
hrst be disconnected. 

Be sure to replace at least two screws to 
fasten top panel and two screws to fasten 
front panel when rechecking operation of 
instrument after insertion of any new tube. 

Two years have gone by since Our first 
delivery of RX Meters. It is about time 
for some of the older instruments to de- 
velop the above symptoms, as the tubes 
by this time have weakened. 

It is hoped that the above information 
may serve to cut down costly repair and 
shipping charges. The loss of rime and 
valued use of the RX Meter 250-A in pro- 
duction and in projects is well recognized. 



top or oscillator casting 


c* TROKIT PANE L 

Figure 2, Voftoge check c horl 
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O METER AWARD 


Or. G» A. Downshrough, President and General Manager of Boo nt on Radio Corporation, 
Is shown a hove reviewing fbe core/ wjiic/t be bos just drown to determine tbe winner o f 
the 0 Meter also shown in the picture. This Q Meter, displayed at our booth in the 
IRE Exhibits at Kingshridge Armory in March , was to he awarded to one of our guests 
who completed o registration card at the booth. 


The winning card was drawn from sev- 
eral thousand Cards completed by our 
friends at the show and was signed by Mr. 
Waldcmar Horizny, Technical Supervisor 
and Assistant Director of the Home Study 
Department, of RCA Institutes, Inc., of 
New York City. Mr. Horizny was born 
in Detroit, Michigan in 1921 and was 
awarded a BA degree from New York 
University in 1 9-1 3- Tor a good number 
of years, he has been employed by RCA 
Institutes. Inc,, a Service Company of 
Radio Corporation of America. Initially, 
he served as an instructor, and is now part 
of the Administ rative Staff, His resnonsi> 
bilities entail supervising all Technical 
operations of the Home Study Department, 
setting up courses of study, etc. His De- 
partment has prepared a Home Study 
Course in Television Servicing, and re- 
cently completed a Color Television 
Course The department is now preparing 
a general radio and electronics course 

Mr. Horizny, in accepting rhe award, 
commented ' The Boonron Q Meter is no 
Stranger, as it is no stranger ro many other 
workers in the held. I have used the in- 
strument in classroom instruction and for 
work related to the preparation of our 
con rses/' 

Mr. Horizny lives at 138 Cypress Street 
in Moral Park, New York, He expects to 
use his Q Meter in Ins work for a period 
of time after which he will move it ro his 
home laboratory. 

We wish to thank all of the people who 
came by to see our exhibit at the IRE. 
Well welcome you at future shows. 
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Applications of a Sweep Signal Generator 
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Figure I* The author adjusts the pass - band of the /F amplifier below the 4.5 me lower 
limit ef the Sweep Signal Generator 24Q~ A by using the Unhrerter Type 203-B. This com* 
bination permits cw and sweep measurements from 0 4 1 to 1 20 megacycles per second. 


The design techniques used in the develop- 
ment of a new Sweep Frequency SigQai Gen- 
erator were discussed in the Spring \955 
Number 5 Issue of THE NOTEBOOK.* 
That discussion covered the methods used to 
obtain the performance required of a pre- 
cision AM modulated Signal Generator, 
sweep and marker system in a single instru- 
ment, This article continues the discussion 
by considering some of the various methods 
by which such an instrument can be used. 

One advantage of a sweep frequency signal 
generator lies in its ability to save time and 
thus economize engineering manpower, free- 
ing it for other constructive work. One might, 
for instance, use an adjustable frequency, ad- 
justable level cw signal generator to obtain 
output-vs- input data for an if amplifier at 
several discrete frequency points. This data 
can then be plotted on a graph showing ic- 
sponse-vs-frequency to obtain the pass -band 
of the circuit. For each circuit readjustment 
this procedure must be repeated. For a nar- 
row pass- band circuit this process is at best 
tedious, bur for a broad-band circuit its rime 
requirements 3 re virtually prohibitive. 

The simultaneous display of the response- 
vs-frequency curve of a circuit on the screen 
of a cathode ray oscilloscope by a sweep fre- 
quency signal generator system and the in- 
stantaneous indication of changes caused by 
adjustments expedites the engineers work 
enormously. Another advantage of the sweep 
method is the practical fact that some of the 
time so saved will be used to obtain refine- 
ments which would have been overlooked 
using the slower single frequency methods. 


"Su/ecp Frequency Signal Generator Design 
Techniques' John th Menrtie and Chi Lung 
Kang— The Notebook Spring 1055 Number 5. 
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Besides the savings in time and the greater 
practical refinement obtained, some informa- 
tion is immediately observed by sweep meth- 
ods which can be easily overlooked in the 
point by point method. Regeneration effects 
and ‘'suck-outs” may cause changes in the 
response curve whichpersist over only a very 
narrow range of frequencies. Since cw 
measurements are made at discrete frequency 
points only, it is possible to obtain a smooth 
response curve excluding these effects if they 
happen to lie between the selected measure- 
ment points. A Sweep Signal Generator pre- 
sents data which is continuous with fre- 
quency. This removes the possibility of miss- 
ing important information. 

The Basic Measuring System 

Fig 2 shows the 240- A, a broad band 
detector, and an oscilloscope interconnected. 
The resultant information which appears on 
the screen of the oscilloscope is shown in 
enlarged form in the photograph in Figure 3. 
The display is a graph with abscissa pro- 
portional to frequency and ordinate propor- 
tional to the amplitude response of t he detec- 
tor circuit. 

The interconnections in Figure 2 required 
to obtain the display include the connection 
of the rf output of the signal generator to 
the detector whose output connects to a 


marker adder circuit "Test lo” in the Signal 
Generator and heoce to the vertical defied ion 
amplifier of the oscilloscope. The sawtooth of 



Figure 2. Typical interconnections of Sweep 
5/gno/ Generator Type 240 -A, Test Circuit 
( Brood Bond Defector) ond Oscilloscope. 



Figure 3 . Enlarged photograph of the 
display appearing on the screen of the 
oscilloscope in figure 2. 
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voltage which frequency modulates the con- 
st a nr- amp limde RF output of the Signal Gen- 
erator is connected to the horizontal deflec- 
tion amplifier of the oscilloscope. 

The sawtooth voltage, while increasing in 
amplitude, modulates the constant amplitude 
RF output from a minimum to a maximum 
frequency. Simultaneously it defleas the 
oscilloscope from left to right, Al the maxi- 
mum frequency point the sawtooth starts de- 
creasing in amplitude, the rf output of the 
signal generator Ls reduced to zero, the oscil- 
loscope deflected from right to left and the 
tuning mechanism of the signal generator 
returned to the minimum frequency point, 
The constant amplitude rf output reappears 
2nd the cycle is repeated. 

The lower line in the display in Figure 3 
represents the reference line of the graph or 
line of zero input and the upper line the 
detector response curve. 

The frequencies along the Abscissa must 
be identified if the response curve is to have 
meaning. In the Sweep Signal Generator 
Type 240- A, frequency identification is ac- 
complished by two types of marks. The marks 
at (a) in Figure 3 appear at the harmonics 
of a crystal oscillating at 2.5, 0.5, or 0.1 
megacycles. The marks indicated by the 
arrows marked (A) have separation of 2.5 
megacycles. The center frequency can be 
identified from die tuning dial of the Signal 
Generator. With the center frequency iden- 
tified the frequency of each of the other 
marks can be deduced since the frequency 
spacing is known. 

The marks al (B) on Figure 3 are sharp 
narrow pulses. Tie position of these pulses 
can be adjusted along the frequency axis by 



F/gyrc 4. Oscilloscope display resulting 
from Insertion of o selective circuit and 
associated detector in Sweep Signal Generator 
test circuit . 


front panel controls. The crystal marks can 
be switched off after the pulses have beco 
positioned to coincide with any two of these 
marks, This leaves these two frequencies 
marked in a manner which causes minimum 
interference with the reference curve. The 
pulses (B) can also be positioned between 
two crystal marks (A) since the frequency 
changes linearly with distance. The crystal 
marks can then be switched off. In this way, 
any two frequencies along the frequency axis 
can be marked. 

The marks shown at (A) and (B) on 
Figure 3 are added to the display in the 
marker -adder ciraiit through which the sig- 
nal from the detector (shown in Figure 2) 
passes before it is connected to the vertical 
deflection amplifier of the oscilloscope. 
Determination of Selectivity and 
Sensitivity 

The elements of a Sweep Signal Generator 
system for measuring selectivity and sensitiv- 
ity of a test circuit are the same as shown in 
Figure 2 with the test circuit inserted between 
the RF output and die detector. If the test 
circuit contains a detector, the detector in 
Figure 2 can obviously be omitted. The re- 
sultant display appears in Figure 4. The con- 
stant amplitude signal source is frequency 
modulated or swept from a low to a higher 
frequency at a slow rate compared to the 
signal frequency. When the maximum fre- 
quency of the sweep is reached the signal 
source output is turned off and the generator 
returned to the low frequency point for a 
subsequent sweep from low to high fre- 
quency. 



Figure 5. /n/erconn^cf/ons for observa- 
tion of pass band of a single stage with- 
in an IF amplifier. 

The tes t ci rcu i t de t ecto r pr o v id es r espo rise 
curve of attenuation vs. frequency and fre- 
quency identification marks are added to the 
varying signal from the test circuit , 

The horizontal deflection connections of 
the oscilloscope are connected to the same 
voltage that sweeps the signal source. The dis- 
play on the oscilloscope, Figure 4, includes 
the response vs. frequency response of the 
test circuit, the frequency identification marks 
and a base or zero reference line indicating 
the level out of the test circuit with no input. 
The selectivity of the rest circuit is apparent 
from a comparison of the change in response 
vs. the number of megacycles or kilocycles 
per inch along the horizontal axis of the dis- 
play. This frequency calibration of the hori- 
zontal axis is deduced from the markers 
shown . 

Selectivity usually varies with signal level 
as a result of AGC, limiters, non -linear 


amplifier, etc, Therefore it is important to 
tesr it at various operating signal levels. The 
Sweep Signal Generator Type 2doA, men- 
tioned in the article cited in the first para- 
graph of this article, provides calibrated out- 
put level from 1.0 to 300,000 microvolts 
while sweeping. Its leakage is sufficiently low 
to permit use of an external 20 db attenuator 
to obtain outputs down to 0.1 microvolt. 



Figure 6 - Interconnections for study of 
cable and coble termination characteris- 
tics r. 


Selectivity of Single Stages 

The system of connection in Figure 2 is 
suitable for receivers, filters or amplifiers. 
The terminated rf cable (a 50 ohm system) 
is connected into the input of the test circuit. 
The detector of the test circuit is connected 
to the marker adder circuit in the sweep 
signal generator (input impedance l meg- 
ohm) . The use of a sweep signal source is 
not limited to complete receivers or ampli- 
fiers, however. So long as arrangements are 
made to avoid any cjffecr on the sensitivity or 
selectivity of the circuit under test by the 
impedance of the rf output of the Sweep 
Signal Generator or of the detector the selec- 
tivity-sensitivity characteristics of any circuit 
may be observed within the sensitivity limits 
of the oscilloscope being used. 

A convenient method of observing the pass 
band of a single stage appears in Figure 5. 
Tie output of the Sweep Signal Generator 
connects to the grid of tne tube which con- 
tains the test stage in its plate circuit. A 
broad band detector is connected to the plate 
of the following stage through a coupling 
condenser. The Low input impedance of the 
detector lowers the Q of the circuit in the 
plate of this tube so materially as to make its 
elfect on the final result insignificant. The 
tuned circuit of lube Vl is operating under 
its normal condition and its sensitivity- selec- 
tivity characteristic can be observed on the 
oscilloscope. 


Study of Pass Band Characteristics 

The Q of the pass band of a test circuit 
can be approximately deduced by use of a 
sweep signal generator. As discussed above 
the response curve of a circuit 1 can be dis- 
played On an amplitude vs. frequency graph 
on the face of a cathode ray tube. The mark- 
ing system of rhe Sweep Frequency Signal 
Generator makes it possible to identify any 
frequency along the horizontal axis. Since 
the response in the vertical direction on the 
oscilloscope is linear, a point 0.707 times the 
distance from the zero or reference line to the 
peak of the response curve can be located 
on each side of the peak. From the frequency 
marking system the frequency' difference 
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(AO between these two points and the fre- 
quency of the peak can be obtiined. Q can 
then be obtained from the following 
formula: Q = ^ L 

Adjustment or Stagger Tuned Circuits 

Broad pass bands are often obtained by 
adjusting the resonant frequencies of suc- 
cessive single tuned circuits to slightly differ* 
enr frequencies within the desired pass band. 
The overalJ result is a relatively flat pass band 
broader in frequency than any one of the in- 
dividual tuned circuits. 

To adjust this type of amplifier, it is 
normal ly quicker to first resonate each indi- 
vidual circuit to the proper frequency with a 
cw signal generator. After completion of 
this procedure, the overall pass band con- 
figuration can be investigated and "touch up’" 
adjustment made with a sweep signal gen- 
erator, The Sweep Signal Generator Type 
240-A is excellently suited to this procedure 
since it operates as a cw (with or without 
AM) or sweep signal generator, without 
die necessity of disturbing the input or out- 
put connections to the test circuit. A Vacuum 
Tube Voltmeter can be bridged across the 
input ro the vertical deflection amplifier in- 
put of (he oscilloscope for the single fre- 
quency work. The oscilloscope of course is 
used for the overall investigation and '’touch 
up.’ J Since the output monitoring and at- 
tenuation system is equally applicable to cw 
and sweep work the sensitivity can easily be 
checked under cither condition. 

Study of Cable Characteristics 

The characteristics of high frequency cables 
may be investigated by use of a sweep fre- 
quency signal generator. In Figure 6 a sweep 
Signal generator is shown connected to the 
input of a length of high frequency cable. 
Also connected to the input of the cable is a 
wide band detector. The low Frequency 
sweep voltage from the sweep signal gen- 
erator is connected to the horizontal deflec- 
tion input of the oscilloscope. The RF signal, 
swept or frequency modulated at a low rate 
of 60 rimes per second, is fed into the cable. 
Reflected signal from imperfections in the 
cable or the termination arrives back at the 



Figure 7. Oscilloscope disploy indica- 
ting amplitude of reflected energy from a 
term inot ion coaxial cable. 


input a finite time later. Since during this 
finite time the input signal has changed to 
a new frequency, an audio difference fre- 
quency (input frequency minus reflecred fre- 
quency) appears across the output of the 
detector. The amplitude of the input signal 


is great and constant and the reflected fre- 
quency amplitude for a near match is small 
and variable. The amount of energy reflected 
from the end of the line depends on the cor- 
rectness of the termination and varies from 
zero for a perfect match to a finite value pro- 
portional to the mismatch for mismatched 
lines. Since the termination impedance will, 
in general vary with frequency, the amount 
of energy reflected will also vary. The audio 
frequency from the detector appears on the 
oscilloscope The envelope amplitude of the 
display is proportional to the instantaneous 
reflected signal and the abscissa is propor- 
tional to frequency of RF input as shown in 
Figure 7. 



Figure 8 . Diogram of equipment and con- 
nections for measurement of linearity of 
FM c//scr/mfmjfoi\ 


With a perfect termination over the fre- 
quency range in quest i on y various cables can 
be observed for imperfections in construction, 
A periodic variation in dielectric constant of 
llie cable insulation will exhibit itself on the 
oscilloscope display. 

Adjustable resistance load will permit 
quick determination of the Z 0 for long cable 
lengths. 

The Linearity of FM Discriminators 

The Sweep Signal Generator Type 240-A 
provides a powerful method of determining 
the linearity of aji FM discriminator. Tbe 
method is indicated in Figure 8. A low fre- 
quency (60 cps) sweep, adjusted to sweep 
the full frequency range of fhe discriminator, 
and a higher frequency sweep (4 00 cps) is 
fed into the EXT sweep input of the Sweep 
Signal Generator, The high frequency volt- 
age is adjusted to sweep only a small fraction 
of the frequency range of the discriminator. 
In effect the high frequency sweep explores 
the slope of each section of the discriminator 
while it is slowly moved from section to sec- 
tion by the low frequency sweep. The output 
is detected and passed through a high pass 
filter which passes only the resulting 400 cps 
note. The display of the amplitude of this 
note vs. the low frequency sweep affords a 
visual display in which the slope of the 
amplitude of the envelope of the 400 cps 
note is proportional to FM discriminator line- 
arity. A constant amplitude indicates a linear 
discriminator whereas a varying amplitude 
indicates a variation in linearity. 

The Study of Crystal Modes 

The rapid location of the several frequency 
modes at which a crystal oscillates is impor- 
tant but tedious by discrete frequency meth- 
ods. The Sweep Signal Generator Type 240- 
A provides a frequency sweep on which indi- 
vidual frequencies can be identified by the 


marker system included in the generator. A 
crystal, however, has such a high Q that 
sweep rates must be very low to prevent ring- 
ing and spurious responses. By using an 
oscilloscope with low frequency sawtooth 
sweep available, the 240-A can be swept at 
frequencies of 1 or 2 cps by connecting the 
oscilloscope sweep output to the "External 



Figure 9* Equipment arrangement for 
measurement of quart z crystal choracter- 
istics * 

Sweep" of the 240-A. The system is then 
connected as shown in Figure 9. By varying 
the center frequency of the 240-A and its 
Sweep width the crystal cair be explored for 
responses over a considerable frequency 
range. 

Extension of the Frequency Range 

The lowest center frequency of the Sweep 
Frequency Signal Generator Type 240-A is 
4.5 megacycles. Ar this frequency the sweep 
frequency capabilities of the instrument are 
±1% to :±309f* of center frequency or 
zbd5 KG to zt 1.35 MC. For applications in 
television video amplifiers both for color and 
black and white, and aircraft navigation re- 
ceiver intermediate frequency amplifiers, 
lower center frequencies and/or broader 
sweeps are required. Both rhtse requirements 
can be met by use of the Univerter Type 203- 
B with the Sweep Frequency Signal Gen- 
erator Type 240-A. The 203-B consists of a 
broad band mixer with local oscillator at 70 
MC followed by a broad band amplifier with 
a 50 ohm output. The gam of the 203-B is 
set at unity. Figure L shows the 240-A, 203- 
B in a measuring set-up. In use the 240-A 
is tuned to a frequency equal to 70 MC plus 
the desired output center frequency from the 
system. Sweeps from =0.7 MC to =15 MC 
are available. Single frequency outputs un- 
modulated or wirh AM modulation can be 
obtained. Thus single frequency Or sweep 
outputs are made available over the band 
wiarh of the 203-B which is 0.1 to 2 5 MC, 
Summary 

The Sweep Signal Generator is a powerful 
tool of considerable flexibility. It not only 
saves considerable time but makes refine- 
ments possible in circuit adjustment and de- 
velopment which would not normally be 

P QSS ' ble ' THE AUTHOR 

Frank G. Marble' s career covers a broad field 
of etig\ neering experience: design & develop- 
merit work for Philco; coordinator on iwriaus 
government projects; [wo y ears with Western 
Electric* s electrical research division & en- 
gineering administrative posts with Pratt 6 
Whitney Aircraft & Kay Electrical Co. Mr. 
Marble has been with Boonion Radio since 
1951 & a Vice- pres ident— sales since /954* 
Mr, Marble Ims a BS in EE (Mississippi State 
College 1954) & art MS in EE ( M.f.T . 7 935X 


3 









BOONTON RADIO CORPORATION 


Use of the RF Voltage Standard Type 245-A 


C. MOORE i Engineering Manager 

SET ZERO— CALIBRATION 
COARSE \ CHART 





SET ZERO 
FINE 


Figure 1. RF Vo/toge Standard Typo 245— A. 
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When discrepancies exist among measure- 
me nts made with different signal generators 
on the same radio receiver, it is often very 
difficult to determine just which of die in- 
struments is performing correctly. The intro- 
duction of a reference standard usually will 
resolve the dilemma so that effort can profit- 
ably be applied to the offending units. How- 
ever, care must be exercised in the use of 
such a standard and understanding applied 
to the interpretation of the results. This 
article discusses the use of a source of stand- 
ardized voltage at a known impedance. 

The R.F. Voltage Standard Type 245-A, 
shown ic Figure 1, is designed to deliver, 
across the BNC output jack at Lhe end of its 
Output Cable, open-circuit radio frequency 
voltages of y 2> 1, and 2 microvol ts through 
a source impedance of 50 ohms over the fre- 
quency range of 0.1 me to 500 me. It can 
be used in conjunction with a signal gener- 
ator as a source of known voltage and im- 
pedance for determining receiver sensitivity 
performance. Using this source of voltage 
as a point of reference, it js also possible to 
perform relative comparisons with Other 
sources of radio frequency voltage whose fre- 
quencies lie within the specified range. In 
addition, the input system is calibrated for 
use as a 50 ohm rf voltmeter at 0.05 volts 
over a wide frequency range. 

Principle of Operation 

A description of rhe RF Voltage Standard 
is given in the Spring, 1955 issue of the BRC 
Notebook 1 . The system block diagram of the 
RF Voltage Standard is shown in Figure 2. 
An external source is used to supply rf volt- 
age to the Input Cable. The voltage at the 
output end of this cable is indicated by an 
RF Voltmeter at the point where the cable is 
terminated by the input to the Coaxial At- 
tenuator-. The low voltage output of the 
Coaxial Attenuator appears in series with an 
impedance matching resistor. 


The low voltage output from the RF As- 
sembly. which presents a source impedance 
of 50 ohms, drives the 50 ohm Output Cable 
which is terminated by a 50 ohm coaxial 
terminating resistor. The terminating resistor 
JS followed by a 25 ohm impedance matching 
resistor to raise the equrvateot source imped- 
ance at the end of die output cable to 50 
ohms. 

Output Voltage Calibration 

Figure 3 shows the distribution of voltages 
throughout the instrument when the meter is 
set at the 1 microvolt level and there is no 
external load conoecled lo the output cable. 


An input level of 0.05 volts is established 
across the input ro rhe coaxial attenuator by 
adjusting the voltage output of the external 
rf voltage source until the indicating meter 
on the RF Voltage Standard reads at the 
l microvolt calibration point on the meter 
scale with the range switch set to 1 micro- 
volt. The 25,000:1 coaxial attenuator di- 
vides the 0.05 volts down to 2 microvolts 
which appear across the 0.0024 ohm resistor 
in series with the 50 ohm impedance match- 
ing resistor in the rf assembly. 

Since the 50 ohm characteristic impedance 
of the Output Cable is matched by the 50 
ohm resistor, its length is electrically inde- 
terminant. In fact, its length may even be 
considered zero, and the 50 ohm terminating 
resistor is effectively connected to ground 
directly from the 50 ohm impedance match- 
ing resistor in die RF Assembly. This divjdes 
down the 2 microvolts delivered by the 


Coxial Attenuator to 1 microvolt across the 
50 ohm terminating resistor. 

The meter on the RF Voltage Standard is 
calibrated in terms of the open circuir voltage 
appearing across the BNC output jack on the 
output cable, with no load connected to the 
cable. 

Output Impedance 

The output system of the RF Voltage 
Standard is based on a 50 ohm characteristic 
impedance. The optimum conditions for 
power transfer and control of voltage stand- 
ing waves on the cable as the load impedance 
is varied are described in (he Fall 1954 issue 


of the BRC Notebook 3 . 

The output impedance of the RF Assem- 
bly is 50 ohms, determined by rhe 50 ohm 
impedance matching resistor, which ts the 
termination of a specially designed section of 
coaxial transmission line, 1 * - Looking back 
along the coaxial output cable irom the 50 
ohm terminating resistor toward the RF 
Assembly, one sees the 50 ohm characteristic 
impedance of the cable in shunt across the 
50 ohm terminating resistor. The net result 
of this parallel combination is 25 ohms of 
resistance which is then built up to the de- 
sired 50 ohms by the 25 ohm series Imped- 
ance matching resistor located between the 
terminating resistor and the BNC output 
jack. 

The open circuit Output impedance at the 
output jack on the Output Cable is 50 ohms, 

Measuring Receiver Sensitivity 

The sensitivity of a radio receiver has been 
defined by the Institute of Radio Engineers 4 
as the number of microvolts required to pro- 
duce standard output when applied to the 
dummy antenna in series with the input im- 
pedance of the receiver. For a system consist- 
ing of a 50 ohm transmission line system and 
a 50 ohm receiver, this means that a "1 micro- 
volt receiver'' will produce standard output 
when 1 microvolt is applied across the series 
combination of the 50 ohms antenna imped- 
ance and the 50 ohm input impedance of the 
receiver. This yields y 2 microvolt across the 
receiver mpul terminals. 

Figure 4 shows how this condition is met 
by die voltage calibration and output imped- 
ance characteristics of the RF Voltage Stand- 
ard Typo 245-A. The actual circuit can be 
reduced to a schematic circuit because the 
characteristic impedance of rhe cable is 
matched at the voltage source as described 
above. The diagrams show the distribution 
of voltages and impedances along the circuits 
for the loaded and open circuit conditions 
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Figure 2. RF Voltage Standard System Black Diagram. 
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when die meter indicates i microvolt. At 
this JeveJ setting the circuit is being driven 
by 2 microvolts out of die Coaxial Atten- 
uator. 

The equivalent circuit diagrams show that 
the same loaded and open circuit character- 
istics of voltage and impedance will be pre- 
sented to the load if wc assume a simple 
series circuit consisting of a 1 microvolt gen- 
erator in series with 50 ohms. This result 
could have been obtained directly by an "ap- 
plication of Thevenin's Theorum to the orig- 
inal circuit:. Additional diagrams and ex- 
planatory information can be found in the 
Instruction Manuals for SRC Signal Gen- 
erator Types 202-B and 211 -A* and Uni- 
verier Type 207-A. 



Figure 3. Vo Jtage Distribution for Open 
Circuit Voltage of IpV of End of Oufpuf 
Cable. 


The sensitivity of a receiver designed to 
work with a 50 ohm antenna line impedance 
can therefore be read directly from the meter 
at J/2. h and 2 microvolts because the equiv- 
alent source impedance of the RF Voltage 
Standard provides the 50 ohms to which i/ 2 , 
l, or 2 microvolts are applied. 

If higher values of antenna resistance are 
involved, direct readings of receiver sensi- 
tivity can be obtained by merely adding in 
series with the output cable a suitably-mount- 
ed* non-reactive resistor whose resistance is 
equal to the desired anctnna resistance minus 
the 50 ohms already presented by the RF 
Voltage Standard. For example: to read 
<lirectly the sensitivity of a receiver designed 
to work from a 75 ohm line* such as RG- 
1 1/U, a 25 ohm resistor must be added in 
senes with the inner conductor at the BNC 
output jack on the output cable to obtain 
the correct impedance match. If values of 
antenna resistance less than 50 ohms are in- 
volved, it is necessary to use an impedance 
matching pad and allow for its insertion loss. 

Cheeking Signal Generator Output 

The use of the RF Voltage Standard to 
check the output from a signal generator is 
based on using a receiver as an un- calibrated 



Figure 4. Derivation of Equivalent Circuit 
of RF Voltage Standard Output System 
Assuming a Matched Load & 1 pV Setting. 


transfer indicator to compare the outputs 
from the two sources at a fixed signal level. 
Figure 5 shows the steps for die case of a 
signal generator having 50 ohms Output im- 
pedance at the output jack. 

The method shown in Figure 5, in which 
the same Output Cable is switched from the 
RF Voltage Standard to the signal generator 
output jack is valid only for signal generators 
having a 50 ohm source impedance at the 
panel output jack, 

Some signal generators, however, present 
50 ohms only at the output end of their own 
special 50 ohm terminated output cable. In 
this case, the receiver input must be trans- 
ferred between the terminals of the output 
cable on the signal generator and the output 
cable on the RF Voltage Standard. Only in 
this way will the comparison show up stand- 
ing wave errors in the signal generator output 
system. 



:?F V'GLTaOF AT HIGH L E v£ L li OBTAINED ThE SICNAL 

CENEKaTdR aho A&JUiTEO TO Gr/f T r*£ DES1R ED OUTPUT. 
THE ATTENUATED DUTTOT IS UP AMD WECnVFD /■>! P A 

BEFElffSPCE RE AG INC MP7SD. 



THE lO-N UEVEl Output OF THE SICNaL G T r-j bh'A TOR is ADJUS- 
TED to PRODUCT w llT SAME REFfPfJJCE 1 I- VII. RE AD I MO ON 

the p.t-LtiVE*: at was produced 6* the knoan low i rv z i 

OUTPUT FRGV. TIN: RF VOLTAGE STANDARD. 


Figure 5* Comparison of Voltage Output 
from a 50 Ohm Signal Generator with the 
RF Voltage Standard, Using a Receiver 
as on Unca/ibratec/ Transfer Indicator* 

In case the signal generator has a source 
impedance of 50 ohms, it is not necessary 
that the receiver input impedance be matched 
to the signal generator output impedance to 
obtain a valid comparative reading, Since the 
two sources of voltage present the same im- 
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Figure 6. Compor/son of Voltage Output 
from Un-equal Source Impedances by Addi- 
tion of an External Impedance Marching 
Resistor. 


pedance* it is necessary only that the receiver 
input impedance remains constant, at what- 
ever value it may have, th rough out the com- 
parison process. For this reason, only the 
signal generator frequency can be changed to 
peak the receiver response, since small 
changes in receiver tuning may result in 
appreciable changes in input impedance. 

An amplitude modulated signal can be 
used with an AM receiver and an audio volt- 
meter, provided the amplitude modulation 
is kept below 30%, 

Unequal Source Impedance 
The problems of interpreting signal gen- 
erator output readings increase when check- 
ing the calibration accuracy of a signal gen- 
erator whose output impedance cannot be 
made the same as the reference standard by 
suitable resistive pads, as shown in Figure 6> 
ot whose output cable system sets up standing 
waves at critical frequencies. These same 
problems arise in the use of such a signal gen- - 
erator for receiver sensitivity measurements. 
The necessary information to make these cor- 
rections is given in some detail in catalogues 
and instruction manuals by the major manu- 
facturers of signal generators. 



Figure 7. Signal Generator Calibration 
when all Three Impedances are Different, 


Figure 7 shows a case io which the imped- 
ances of the RF Voltage Standard, the signal 
generator and the receiver are 50 ohms, 300 
ohms and 150 ohms respectively. The gen- 
eral equation shown in the figure gives die 
number of microvolts actually delivered by 
the signal generator for any combination of 
impedances in terms of the indicated output 
level of the RF Voltage Standard. 

The presence of standing waves in the out- 
put system of a signal generator which is not 
matched internally will produce errors in 
calibration which must be corrected by using 
data supplied in the signal generator instruc- 
tion manual. These errors are a function of 
frequency and must be taken into account at 
each frequency setting, 

In summary: 

1. Determine the output impedance 
characteristics of the signal generator 
being calibrated. 

2. Attempt to modify it to 50 ohms by 
the use of pads or dummy antenna sys- 
tems, raking into account their effect on 
the calibration dues to attenuation diar- 
RCleiistics. 
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3. If the output impedance cannot be 
made 50 ohms, determine the complex 
impedance of both the receiver ana the 
signal generator and calculate the result- 
ing voltage divider. Also calculate the 
voltage divider consisting of the re- 
ceiver and the 50 ohm impedance of 
the RF Voltage Standard. 

4 . Since the outputs of the two voltage 

dividers are equal when the signal gen- 
erator output is adjusted to give the 
same receiver reading as the RF Voltage 
Standard, we can equate the two expres- 
sions as follows; £ r /R t z T 
where z^T^le SK> "z7T7o ^ ' 

Z r = receiver Input fmpedanoe 
Zgg - signal generator output impedance 
SO - RF Voltage Standard output impedance 
E a g - signal generator open circuit voltage 
E = RF Voltage Standard open circuit voltage 


Then rhe signal generator getting, Esg. 
which will produce the same receiver re- 
sponse ns the output of the RF Voltage 
Standard^ E, can be determined from the 
equation: E = > + Z sg 

8 Z r + 50 ' E> 

Use As A 50 OHM RF Voltmeter 

The input system of the RF Voltage Stand- 
ard is shown in Figure S. It contains a length 
of coaxial cable which connects the source 
of power to the coaxial “head/’ which con- 
sists of a diode voltmeter in parallel with the 
input to the precis ioQ coaxial attenuator. The 
diode voltmeter reads the input voltage di- 
rectly at the input to the attenuator, and the 
calibration of the RF Voltage Standard is not 
affected by standing waves on the Cable ahead 
of this point. 

The 60 ohm attenuator input impedance is 
shunted by approximately 300 ohms diode 
impedance, which together form approxi- 
mately a 50 ohm termination for the 50 ohm 
input cable, The voltage seen by the diode 
voltmeter at the input to the attenuator will 
be nearly the same as that applied at the in- 
put BNC con mxt or, subject to voltage stand- 
ing waves on the cable. Variations in the 
characteristic impedance of the cable and the 
diode impedance introduce a moderate stand- 
ing wave of voltage on the cable which in- 
creases with frequency. 

The ratio for each coaxial attenuator is 
individually determined, and the correct in- 
put voltage for the l microvolt level meter 
setting is given on the voltmeter calibration 
data plate on top of the instrument. This in- 
formation can be used for checking the in- 
strument at low frequencies (below 500 kc) 
and for measuring cf input voltages. With 
the range switch in the 1 microvolt position, 
the inpur voltage is increased until the meter 
indicates l microvolt. The input voltage is 
then equal to the value stamped on the data 
plate. Input voltages of l / 2 and 2 times this 
value can be determined by adjusting the 
input for meter indications of 0.5 and 2 with 
the range switch in the corresponding posi- 
tion. 

Accuracy 

The method of setting up the calibration 
of die RF Voltage Standard at the factory is 
such that the initial accuracv is determined 


by the care with which the 60 ohm and the 
0.0024 ohm resistors are measured, the accu- 
racy of rhe voltage source used to set up the 
rf voltmeter circuit, and the Voltage Standing 
Wave Ratios (V$WR) of the input to the 
coaxial attenuator and the impedance match 
of the output cable termination. Of these, 
the VSWR is the least accural e measurement 
and also the greatest contributor to the over- 
all tolerance. 



Figure 8. RF Attenuator and Voltmeter. 

The 60 ohm him resistor is the center con- 
ductor of a terminated transmission line 2 
and together with the 0.0024 ohm disc re- 
sistor it provides an accurate attenuator use- 
ful over a very wide range of frequencies 5 - 
The actual ratio is taken into account in set- 
ting up the voltage into the attenuator and 
adjusting the meter to read the desired out- 
put voltage. The uniformity with frequency 
of the attenuation ratio is determined by com- 
paring each unit against a carefully measured 
standard unit at several points over a wide 
frequency range. 



Figure 9. RF Vo/h^e Standard- Basic 
Circuit. 


The long term accuracy, which is of con- 
siderably more importance and upon which 
the specifications are based, includes the 
stability of several components not involved 
in the initial calibration. A circuit has been 
chosen in which these variations are minim- 
ised by the procedure used to place the instru- 
ment in operation. 

The simplified circuit of Figure 9 shows 
the basic dc metering system associated with 
the rf voltmeter. The rectification efficiency, 
or ratio of rectified dc current to applied ac 
voltage, of a semiconductor diode at a con- 
trolled value of bias current is a very stable 
characrerishc. 

The transistor is used in conjunction with 
the diode to raise the impedance level pre- 
sented to the meter for proper damping. The 
diode current passes through the junction 
transistor with a constant: efficiency of about 


98% regardless of resistance changes. This 
current transfer factor, known as 'alpha/' is 
very stable apd therefore does not contribute 
any significant variation in accuracy. The 
action is somewhat analogous to the unity 
voluge gain characteristic of a cathode fol- 
lower circuit which also presents a large im- 
pedance ratio between input and output cir- 
cuits. 

As seen m Figure 9, rhe transistor imped- 
ance is located in one arm of a bridge. Hence 
the bridge can be brought to balance by vary- 
iog the transistor impedance by means of its 
base voltage. This is done during the initial 
adjustment procedure with the SET ZERO 
control. This does not affect the 98% 
eocy of current flow through the transistor. 

Precautions 

Several points of technique in handling 
low-level radio frequencies Decome of par- 
ticular importance when checking the cali- 
bration of a signal generator. RF voltage 
leakage out of the signal generator, some- 
times along the power cord, will cause trouble 
if the receiver is not well shielded. Likewise, 
interfering signals from adjacent equipment 
or broadcast transmitters will affect poorly 
shielded receivers and prevent accurate meas- 
urements. 

The conditions of impedance match and 
corrections for standing waves On output 
cables must be accounted for before the per- 
formance of a signal generator can he evalu- 
ated, The connections between the oulput 
cable from the RF Voltage Standard and the 
signal generator to the receiver input should 
be as short as possible. The insertion loss of 
any matching pads must be included in the 
comparison. 

Sharp receiver response will cause critical 
tuning and stability problems, and will pass 
only the low frequency components of the 
noise which make the meter bounce. A wider 
pass -band will produce a higher, bur much 
Steadier, noise level to which the desired 
Signal is added. 

Tune only Lhe signal generator when 
searching for maximum receiver response to 
avoid changes in the receiver input con- 
ditions. 

Always check rhe signal generator tuning 
when going from the condition of high level 
into the RF Voltage Standard to the low 
level into the receiver. It is sometimes ad- 
visable to re-tune the signal generator fre- 
quency each time the low level output is 
re-adjusred in order to get significant results. 

When first placing the RF Voltage Stand- 
ard in operation, it is advisable to re -check 
the SET FULL SCALE and SET ZERO posi- 
tions. Initial drift can be caused by changes 
in battery voltage when the instrument is 
first turned on and by changes in the resist- 
ance of the transistor due to a sudden change 
in temperature. Such as bringing the instru- 
ment from storage into a warm laboratory. 
There is no significant heat developed inside 
of the instrument. Re adjusting the SET 
FULL SCALE and the SET ZERO controls 
restores the calibration accuracy of the instru- 
ment even though the transistor and diode 
dc resistances may have changed. 
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Summary 

By j uclicious use of the RF Voltage Stand- 
ard Type 24 5- A it is possible to check Hie 
low and high level calibration of signal gen- 
erators over a wide range of frequencies, and 
to establish signals for testing receivers at 
the microvolt level with a confidence not 
formerly possible 
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Calibration of the Internal Resonating 
Capacitor of the Q Meter 

SAMUEL WALTERS, Editor, The Notebook 



Figure J < Interconnections of equipment that can be used in the calibration of the In- 
ter no/ resonot/nq capacitor of a 0 Meter- Here shown are Q Meters Type 260*A and a 


GR precision capacitor Type 722-D* 

Recently we have received a number of 
inquiries on this subject, They are numerous 
enough to indicate a wide-spread interest in 
the technique of calibrating the Internal 
Resonating Capacitor of the Q Meter. This 
interest is understandable since the versatility 
of the Q Meter in performing a host of func- 
tions besides measuring Q* depends, in some 
special cases, on the additional accuracy ob- 
tainable from an error curve for the Internal 
Resonating Capacitor. 

The Q Meter contains (1) an RF oscil- 
lator, (2) a measuring circuit including 
the main and vernier tuning capacitors (In- 
ternal Resonating Capacitor), (3) a vacuum 
rube voltmeter and (4) a system for inject- 
ing a known amount of the oscillator voltage 
in series in the measuring circuit. 

The Internal Resonating Capacitor is used 
to adjust the value of capacitance so that the 
circuit under test can be resonated at the 
measurement frequency. Calibration of this 
capacitor should be done at a relatively low 
frequency with respect to rhe instrument's 
operating range in order to prevent stray 
inductance effects. 

The calibration method described here is 
based on substitution of a known amount of 
capacitance from a precision capacitor for an 
indicated amount of capacitance in the Q 
Meter, using a resonant circuit On a second 
Q Meter for the comparison. 


Equipment Required 

1 Q Meter to be calibrated— BRC 160-A 
or 260-A (referred to as No. 1). 

I Q Meter (BRC 160-A or 260- A) used 
as an Indicating unit (referred to as No. 
2 )- 

1 Precision Capacitor with a range cover- 
ing at least dOO^jtif (G.R. 722 or equiva- 
lent) . 

1 Shielded Coil that will resonate between 
200-500 KC. 

Preliminary Check 

Before beginning calibration it is advisable 
to inspect the Internal Resonating Capacitor 
to be calibrated. A quick check of the follow- 
ing points may save a needless repetition of 
calibration and avoid waist t of time since the 
instrument can nor be calibrated properly if 
any of these mechanical conditions prevail: 

( 1 ) Examine capacitor for foreign mat- 
ter. specks of dirt, etc. Such matter tends to 
lower the Q of the capacitor by introducing 
a spurious resistance across it. 

(2) Check main bearing of rotor sections 
of both main and vernier capacitors. Shafts 
should be firm to prevent mechanical back- 
lash or electrical instability. 

(3) Check spring gear take-up of both 
capacitors. Improper loading of gears will 
also cause backlash. 

(4) Make certain rotors are centered with 
stators. Chock plate spacing visually. Run 
our rotor plates to ooticc any wobble. 


Procedure of Calibration 

A. Calibration of main Q Capacitor. 

( L) Set the Q Meter, No. 2, which is to 
be used as the resonance indicator, to 
450^f and turn on the power. Mount 
on the instrument a suitably shielded 
coil that will resonate between 200 kc 
and 500 kc such as the 103- A 32. 

(2) Connect the precision capacitor to 
the Hi and Gnd terminals of the in- 
dicating Q Meter through a short piece 
0/ coaxial cable. Now set the capaciror 
in the indicating Q Meter, No. 2, to the 
minimum value of 30^f. 

(3) Connect the grounded terminal of 
the precision capacitor to the Gnd term- 
inal on the Q Meter being calibrated 
(No 1) with a No. 18 stranded copper 
wire. Arrange another lead from the 
insulated terminal on the precision ca- 
pacitor to a point in air to y 2 ^ above 
the Hi capacitor Terminal post of the Q 
Meter being calibrated (No. 1 ) using 
a no. 20 AWG bare tinned signal con- 
ductor copper wire. The tip of this self- 
suspendea Jead must be straight, without 
hooks or loops, and must point down 
to the Q Merer terminal. Isolate this 
lead from surrounding objects. 

(4) Set the precision capacitor to 600- 
PfJ or more. Now adjust the oscillator 
frequency control of the indicating Q 
Meter, No. 2. for a maximum indication 
of Q, Resonance will occur at a lower 
frequency than in step I. Note the set- 
ting of the precision capacitor, calling 
the reading Cj. 

(5) Set the main capacitor dial of the 
Q Meter being calibrated (No. 1) to 
30 and the vernier dial to zero. Do not 
energi/.e this Q Meter. 

(6) Touch the suspended lead, moving 
it as little as possible, to the Hi terminal 
post on the Q Meter being calibrated 
and rc-rcsonatc with the precision 
capacitor. Note this reading .as C,. 
The difference between the two record- 
ed readings, C, -C.j, plus 0.l5gjnf is the 
True capacitance corresponding to a dial 
reading of 30 1 

(7) Using the reading noted in step 4 
as C ]y other values of capacitance on the 



Figure 2* Correction CfiorL 
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Q Meter main capacitor can be checked 
by successive settings of the unknown 
capacitor ant] the precision capacitor as 
above to obtain new values of C,. 

B. Calibration of Vernier Tuning Capacitor 
The same procedure is followed as above 
except that the range of the precision capaci- 
tor must be expanded to obtain greater accu- 
racy of calibration. The main tuning capacitor 
is left at $QppJ, and the vernier capacitor is 
moved successively from 0 to -4-2, — |— 3, 
and —l, — 2, — 3. The amount ot change 
on the precision capacitor dial necessitated in 
each case for resonance on the indicating Q 
Meter represents the corresponding value On 
the vernier capacitor, 

By subs tract ing the calibrated values from 
the dial readings and plotting the errors 
against the dial readings as shown in Figure 
2, a calibration chart for tbe main capacitor 
can be drawn up. It is possible through this 
method of calibration to obtain an error curve 
which permits use at an accuracy somewhat 
better than our specified tolerance^ depend- 
ing of course on the skill of the operator and 
the accuracy of calibration of the precision 
capacitor used. A similar but expanded chart 
(since the actual error will be in tenths) can 
be drawn for tbe vernier capacitor. 

* See lend article in Winter, 1955 issue of 
Notebook on W A Versatile hjstmmenl^The 
Tbe Q Meier** by L. 0* Cook* 
t The VTVMadds about O.lSpjif when tbe 
meter is energized for normal Q Meter 
operation* 

\ Specified accuracy is plus or minus IjJp-f 
from 30 lo 100 p^if and plus or minus 1% 
above 100 jifif. 


A NOTE FROM THE EDITOR 

We have noticed, as the publication date 
for each issue of THE NOTEBOOK draws 
near, that members of our engineering de- 
partment pause when passing the editorial 
sanctum on the way ro the water cooler and 
gape over our shoulder at the three- inch layer 
of chaos spread over the desk. This we charit- 
ably attribute to the engineer's curiosity con- 
cerning the mysterious jouro cy of The Note- 
book to the printed page, (rather than 
wonderment as to why anyone would get 
paid for doing that sort of thing), and we 
feel that our readers, members of the same 
genus, might also be curious, if not in the 
mechanical process of preparation of THE 
NOTEBOOK, then certainly in the mystery 
of why another group of engineers should 
be so interested. 

Dispensing with a description of the 
blood, sweat and tears generated by the au- 
thors in the course of their creative labors 
(many of our readers are painfully familiar 
with the picture), we will begin the journey 
at the point where the Copy is ready for type- 
setting. The type for THE NOTEBOOK is 
"set" by a monstrous machine called a Lino- 
type, which spews castings, or slugs, each of 
which corresponds to a line of type. This 
machine also has the ability to make an even 
right hand margin by regulaitng the spacing 
between individual letters and words. 

When the copy has been linotyped and 
edited as carefully as time and the human 
factor permit, it is cut up and pasted in page 
form on large sheers of paper. The larger 
type used for headings is set by hand, using 
commercially available pads of paper letters. 


Glossy photostats of the line drawings are 
also pasted in position. 

When Our eighr "repro" pages are ready, 
we take them to the offset printer, who pro- 
ceeds to photograph them with a camera 
which is roughly half the si 2 e of a master 
bedroom, Tn this photographic process he 
reduces the size of our repro pages, which 
have been arbitrarily set up 10% larger than 
the final page size. The developed negatives 
are (lien placed over a light box and all 
extraneous lines, marks and paste-up details 
picked up by the camera are removed by 
means or opaquing fluid. The negatives are 
then carefully laid out in two rows of four 
each on a large sheet of paper, each page 
having a special position with respect to the 
others. This operation is called "stripping." 
A large pla,te of thin, sensitized metal is then 
exposed to light through this bank of nega- 
tives. When the plate is "developed" the ex- 
posed areas retain a -greasy substance which 
attracts and holds printing ink. The plate is 
now mounted on the cylinder of the offset 
press and rotated* first against ink rollers 
which deposit ink only on the greasy areis* 
then against a large rubber roller which* in 
turn, transfers the ink to the paper passing 
through the press. 

Each sheet of paper, when printed on both 
sides in what the printer terms a "work and 
turn" sequence, contains two complete copies 
of THE NOTEBOOK. These sheets are then 
fed into a folding machine which simultane- 
ously folds and creates the glued binding. 
There remain only to cut, trim and punch 
the loose-leaf holes aod our NOTEBOOK is 
ready for shipment. 
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Circuit Effects On Q 

CHI LUNG KANG, Development Engineer 


JAN 23 1950 


The Q of a practical simple resonant 
circuit is always lower than that of the 
component coil or capacitor because of 
additional losses in the circuit which 
ofren appear quite unexpectedly. In 
a measuring circuit as used in a Q 
Meter, small internal losses are always 
present, whose significance is often not 
fully realized. Under the general head- 
ing of circuit effects on Q, this article 
points our how the loading accumulates 
in some practical circuits and examines 
the appreciable effect of residual para- 
meters in Q Meter circuits on Q -read- 
ings obtained. Due to the effect of dif- 
ferences in residual parameters, Q -read- 
ings of rhe same coil but from different 
Q Meters may differ. Correlation of re- 
sults between the low frequency Q 
Merer Type 260-A and the high fre- 
quency Q Meter Type 190- A in over- 
lapping ranges is presented. 

About Simple Resonant Circuits 
A few assertions will be made about 
rhe simple resonant circuit to serve as 
a starting point fox later discussion. 

For a reactive component, either ca- 
pacitive or inductive, if the Q is greater 
rhan 10, the following t ra ns forma r ion is 
valid as shown in Figure l. 

X K = X [( = X 

X, R ( > 

Q= = i.e. RJR, — X 

x, 

lr is customary ro talk about shunt 
loss or series loss in either a coil or a 
capacitor. But as long as either of them 
is considered as a two terminal com- 

YOU WILL ALSO FIND . . . 
Measurement of Dielectric 
Materials and High O Ca- 
pacitors with the Q Meter Page 5 
Some Notes on Instrument 
Repair Page 6 

Correction of Low Q Reading on 
Q Mefer Type I60-A Page 7 

Editor's Note Page 8 



Figure I. Series and parallel forms 
of Impedance. 


ponenr, it is simply an impedance and 
can be expressed either in the series 
or the shunt form as shown above. The 
following transformation illustrates this, 
Q > 10 being assumed: 



Figure 2. Different circuit represen- 
tations for a coil. 


The extent to which any change of 
loss affects rhe Q depends upon the loss 
already present. A resonant eifeuit of 
reactance X and quality factor Q has 

X 

— series resistance = — 

Q 

R,, — shunt resistance = QX 

Consider a 250phcoil which resonates 
with about lOCW.f at 1 me. Assume Q 
of the whole circuit is 320. 

1 

x = <uL ^ — = i6oo a 

coC 

1600 

/. R* = * = 5 ft 

320 

R t , = 320 x 1600 = 512,000 ft 

From these figures, it can be rea- 
soned, for example, rhac any change of 
0.02ft in series resistance would be of 
little consequence but any additional 


shunt load of 5 megohms would have 
appreciable effect. 

If a certain Q value is implicitly as- 
sumed, then the magnitude of X is ir- 
self ftn indiermon of impedance level, 
which is 

X 

R. — 

Q 

in the series case and 

R„ - QX 

in the parallel case. Thus ar a fixed 
frequency, low resonating capacitance 
means a high impedance level. Conse- 
quently. at a low C, a shunt loss will 
have a great effect on Q while the ef- 
fect of an additional series loss will be 
negligible. 

Considerations In Practical Circuits 

Taking the view point of a simple 
resonant circuit, the following circuit 
aspects will be examined io sec how ihe 
circuit loss accrues and how circuit Q 
is affected: 

7. Single tuned interstage 
coupling circu/f: 

For a narrow band or a single fre- 
quency amplifier, a special form of im- 
pedance coupling is a parallel tuned 
circuir as shown in Figure 3. When the 
coupling capacitor C,. is large enough 
so that its reactance is negligible, ( this 
is rhe usual case), then the interstage 
circuit has only two terminals and is in 
fact a simple resonant circuir in parallel 
form. The resulting Q of rhe circuit is 
of interest because it concerns not only 
the stage gain but also the passband 
or frequency selective characteristics. 
Usually, rhe circuit Q is much lower 
chan the combined Q of the coil and 
tuning capacitor C because there arc 
several othex losses involved. 

a. r p of the first stag Expressed in 
equivalent circuit form, rhe firsr stage 
becomes a current source of g,,^ with 
r,,. the plate resistance of the tube, as a 
shunt load across the resonant circuit 
Therefore, a pentode is almosr always 
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Figure 3. Single tuned interstage 
coupling circuit. 


used as the first rube since its higher 
r,, means less loading. 

b. Input loading of the following 
stage: Vacuum tube input impedance is 
generally considered high* but relative 
ro the impedance of a parallel resonant 
circuit, the contrary is more often the 
case especially at higher frequencies. 

C. Stray capacitances with associated 
losses: This could be important if the 
stray capacitance is an appreciable part 
of the total resonating capacitance. To 
keep Q high, the cnetal parrs with which 
the stray capacitance is associated should 
be well grounded and dielectrics in- 
volved should have low loss. 

d. Grid resistor R 0 loading on the 
resonant circuit: 

e Loss due to B-\- feeding circuit: 
As shown in Figure 3. the decoupling 
capacitor C ( may introduce some series 
loss into the coil. And if parallel feed 
through a choke is used, a shunt load 
is added. 

If R M is the final equivalent shunt 
losses of the whole circuit, including 
lasses of coil and capacitor, then 

Q — 

ojL 

and the input voltage ro the next stage 
will be&.^R,,. 

2. Feeding a parallel resonant 
circuit by a signal generator : 

When a signal generator like BRC 
Sweep Signal Generator Type 2 40- A is 
used to feed a parallel resonant circuit, 
care must be taken so thar the output 


impedance of the generator does nor 
unduly affect the Q of the circuic. The 
output impedance of a signal gener- 
ator is generally 50 ohms, which is 
much too low to be connected directly 
across the resonant circuit. (Also too 
high to be used for series feeding the 
resonant circuic). The usual practice is 
to increase the output impedance by 
inserting z high series resistor, R, io 
series with the signal generator. Tills 
resistor, R, should be high relacive to the 
tuned impedance (R 1 , = Qo>L), because 
R-f-50 is indeed loading the circuit. 
Any detector connected across the reso- 
nant circuit, of course, is an additional 
load. 

Similar considerations hold when the 
cathode output of a tube is used to feed 
a resonant circuit. 

3. Physical aspects oi 
components in a circuit : 

What is under consideration here is 
the change that is involved when a 
component is physically connected inco 
a circuit. When, for example, a coil is 
shunted across a capacitor, in an ideal- 
ized circuit analysis, this means noth- 
ing more than putting two symbols to- 
gether. But actually, changes are in- 
volved in two general aspects: ( { ) due 
to proximity or two components, change 
of both inductance and capacitance is 
possible; (2) the physical connecting 
link, perhaps a copper scrap, may have 
an effect on circuic performance which 
cannot be ignored. This kind of critical 
consideration primarily arises in prob- 
lems of measurement, but in practical 
circuits stray capacitance and lead in- 
ductance mean practically die same 
thing. Tliis situation becomes more im- 
porranc as rhe use of lumped constant 
circuit elements is extended to higher 
frequencies where colls become small 
and series impedances very low. A 
0. l/ih coil at 50 me has a reactance of 
about 32H. A Q of 320 means a series 
resistance of 32/320 — 0, lfh If ar such 
a low impedance level, the contact re- 
sistance of a plug-in connection is of the 
order of a milliohm, it will show an ap- 
preciable effect on the Q of the coil. 
When this same coil is measured on a 
Q Meter, a poor connection will lead 
to a jitter in the Q reading or wide 
variations of results. 

4, Circuit Q and Effective Q: 

Why does a coil of Q = 300 measure 

only 280, for example, on the Q Merer ^ 
Why do different types of Q Meters 
sometimes give different readings for 
the same coil? These are the questions 
to be cb rifled here. 

The coil: 

Consider a coil expressed in a series 


form with inductance L and resistance 
R*; le., a cwo-terminal dement of im- 
pedance Z = R^ + joiL It has a quality 
factor of 

o>L 

Q = 

R, 

The Q and Z are primarily character- 
istics of the coil done. But when the 
coil is connected into a circuit, the 
proximity effect can change the dis- 
tributed capacitance and create mutual 
inductance. Hence, it should be realized 
that strictly speaking an impedance, 
hence its Q, is not completely defined 
until the way it is connected into a cir- 
cuit is specified. 

The measuring circuit: 

The Q Merer measuring circuit con- 
sists of a signal source, a variable tun- 
ing capacitor, and a voltmeter. Ideally 
with the coil connected, the circuit 
should be as shown in Figure 4a, but 
actually the circuit for the Q Meter 
Type 260-A should be represented as 
in Figure 4b. (For Q Meter Type 
190- A, see its Manual) These spurious 
elements that are unavoidably intro- 
duced are known as residuals — resi- 
dual inductance and residual shunt or 
series losses. 



Figure 4. Q Mefer circuit. 


R^ is due to the oscillator injection 
circuit. 

includes series resistance of bind- 
ing posts, connecting straps, ere. 

U, is the residual inductance of bind- 
ing posts and connecting straps. 

R„ includes the voltmeter input re- 
sistance, the 100 megohm grid resistor 
and ocher dielectric losses across the 
capacitor. 

The Q Merer is designed to read die 
Q of the whole circuit. The reactance 
is now L ( , -|- L v instead of L v and in- 
ternal losses are added. The resulting 
Q is of course not the same as the Q 
of the coil. Recognizing the effect of 
the internal losses, two kinds of Q are 
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defined: (a) Circuit Q: Q of the whole 
Q measuring circuit including losses of 
the coil, nil the internal residual losses 
and the effect of die res/dual inductance, 
<b) Effective Q: Q of the coil itself as 
mounted on the Q Meter used (prox- 
imity effea included). In many but not 
in all cases, circuit Q is essentially equal 
co effective Q. 

The term indicated Q is or ten used; 
this refers to che circuit Q as indicated 
by the Q Meter which is designed to 
indicate circuit Q. This means that the 
difference between indicated and Cir- 
cuit Q is srricrly a matter of the ac- 
curacy of the Q Meter, If accuracy of 
rhe Q Merer is not in question, indi- 
cated and circuit Q mean the same 
thing. 

Now, circuit Q depends on coil loss 
as well as internal losses> Therefore, as 
internal losses may differ among dif- 
ferent Q Mercrs, either of the same type 
or of different types, rhe circuit Q 
measured on different Q Meters will 
differ from each ocher even if the coil 
measured is the same one. This differ- 
ence is usually small, especially if ihe Q 
Meters used are of the same rype. But 
in the overlapping ranges (20— 50 me) 
of the 260- A and 190- A Q Meters, it can 
be as much as 505/ in some unusual 
cases. This may seem startling bur as ex- 
plained in the next section, rhis dif- 
ference can be completely accounted for 
by rhe difference in residuals, which are 
much lower in the 1 90- A Q Meter 
since it is designed to cover a higher 
frequency range. 


Correlation of 1 90-A and 260-A O 
Meters in Overlapping 
Frequency Ranges 

When rhe residual parameters in a Q 
Meter are all known, correction can be 
made on the circuit Q to allow for the 
effects of rhe residuals and rhus obtain 
ihe effective Q by computation. The 
effective Q readings for rhe same coil 
as computed from rhe circuit Q in dif- 
ferent Q Meters should be rhe same, 
except for a possible difference due to 
the difference in proximity effects and 
contact resistance. When proper care is 
taken, this difference should be very 
small. 

In (he overlapping ranges (20 — -50 
me) both Type 190-A and 260-A Q 
Meters can be represented by the cir- 
cuit shown in Figure 5a, which can be 
transformed into Figure 5b and 5c. ( A 
more refined circuit for the ! 90-A Q 
Meter is given in its Manual ). 



Figure 5. Q Mefer equrva/enf circuits. 

where 

L x , R n = inductance and resistance 
of coil 

L,> = total internal residual Induc- 
tance 

R„ zz total internal series resistance 


I 

G h = = total internal shunt 

R (p conductance. 


G,, = G p -|- — total in- 

ternal loss expressed as shunt con- 
ductance. 

The correlation of che two Q readings 
of the same coil in Type 260-A and 
1 90-A Q Meters will be demonstrated 
by comparing the rcsulrs of effective Q 
computed in each case from the indi- 
cated Q readings. The indicated Q will 
be taken the same as circuit Q; i.c., each 
Q Meter is assumed to have perfect ac- 
curacy To ger effective Q, the correc- 
tion has two parrs; (A) for residual in- 
ductance, (B) for residual losses. 

A. Correction for residual inductance: 
Here ihe reactance of rhe coil itself will 
be com pu red. 

Lx = L — U 
gjL x = o>L — o)L„ 


&jLx 


since <oL zz 


l 

— co L,, 

co C 


1 


at resonance 

o)C 


t 

( 1 — 6TL m C) 

0)C 



Lm 

<o J ( L,,-j-L v )C 

L„+L, 


1 U> 

= r < 1 ) 

coC L (l -bL v 

since co J ( L^-J-Ls; )C = co'LC zz 1 


The equivalent capacitance that will 
resonare with L* is 


l C 


or L x 1 — o)L„C 

C 


L„ 

1 

Ln+L* 

f 0.015 jLth in 260-A Q- Merer 

L„ = 1 

[ 0.0026 fxh in 190-A Q-Mcter 

At 50 me, 100 is in resonance 
with 0- 1 /xh. Evidently, L, , in 260-A Q 
Meter becomes appreciable chen, 

B, Correction for residua! losses. 

Qi = circuit Q z indicated Q 
(Perfect Q Meter accuracy as- 
sumed ) 

Q„ zz effective Q 
£ t)C 

Q> = — 7 

G ( , -Jr R C 

1 1— <oT,.C 

Q,. = 

R x wC v R v o^C 

co, C and h M are known 
quantities. Q,. can be computed by elimi- 
nating R< between equations for Q, and 
Q„ above. So the computation for Q 4 , is 
srraight forward in principle and does 
not require discussion. The merhod out- 
lined is only to minimise the work of 
computation and also give an indica- 
tion as to die relative weight of dif- 
ferent parameters and rheir inter- 
relation. 

Steps to compute Q„ will be given 
below with a derivation outlined later. 
Due to difference in expressions for 
shunt loss, the 260-A and 190-A Q 
Meters have to be t reared separately; 

/, For the 2&0-A O Meter: 

C 

a.) Compute Q from C* = 

I — arC.C 

b. ) Find a from a vs C graph 

( Figuje 6 ) 

c. ) Correct a to get a r =z 

1 250 

ex -j ( — I 7 if rhis appears 

3 Q, 

significanr. 

d. ) Compute y by y 

Qif 

= 0.00 1H cd 

Cfxfxf 

C 1 

e. ) Obtain Q<. by Q,. = • Q L 

c x i-y 
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where oc 

equivalent shunr loss due 
to residual series resistance 

— 1“ 1 

actual internal shunr loss 

y — Total internal loss as a fraction of 
total circuit loss 

So a shows the relative importance 
of shunt and series residual losses. 

And if y = 0.10, it means 10 CT of 
rhe total circuit loss is not due to the 
coil measured bm due to the internal 
loss of the Q Merer. The effective Q 
should therefore be higher than the cir- 
cuit Q by the factor 

1 1 

— — = Ul 

1—7 1—0.1 

The 

C C 1 

- — — factor in CX. = * Qi 

C* C\ 1-7 

takes care of the ef/ecr due to residual 
inductance. When frequency and ca- 
pacitance arc changed, the resulting ef- 
fect on 7 , i.e. t on (he difference between 
cffecrive Q and circuit Q can be easily 
estimared from the expression 

Qlfmt 

7 = 0 00 L 1 4 — a' 

C jijjbi 


together with rhe a vs C' graph. 

The a. to a! correction refers ro level 
effect not discussed so far. In the 
260- A Q Meter* at a frequency above 
20 me, the voUmecer loading increases 
as the signal level ( i.e„ rhe Q reading! 
decreases. The given correction for a is 
good for Qi > 1 00. 

2. For the J { J0*A Q Meier . 

C 

a, ) Compute C v from C* — 

1— o>'L m C 

b ) Find from /3 vs C" graph 
£ Figure 7) 

0.00573 Qi 

c. j Compute^ by Y} — /3 

CfXjjJ 

C 1 

d. ; Obtain Q t < by Q ( . — * Qi 

C* l — 7} 

where the physical meaning of yS and 7} 
correspond respectively ro those of a' 
and y. 

Outline of derivation of above rela- 
tions ( for 2 60- A Q Meter ) : 

G, G J( +R <a/C a 

G t cuC 


Qi 


QiG J4 

= — ( 1 + ) 

cuC G p 

R.crC 

(y. — -|- h G r — kf J 

<V 

Qi fk Qif„i, 

7 = a — 0.00 L 1 4 a 

2ttC C , 

ppi 

1 

= 

RyCOCy 

G[ G u -j - Ry<o“C' 

Eliminate R v between Q,. and G T . 

6J"C’ 1 

Q,= * 

G, — G„ ti)C x - 


C I 0)C 


C x G t , G, 

G r 

C i 

• Qi 

Q 1—7 




Meter Type 190-A . 


Example: Computation of Q it from measured data of a 0,1 fih Coil ar 50 me. 


260-A Q Meter 1 90-A Q Meter 

Measured data: 



c 


91.5 fifif 

C 

100.5 /xfjL ( 


Q. 


187 

Qi 

301 




To get Q: 



L„ 


0.0 L 5 /ill 

U. 

0.0026 pih 


w”L„C 


0.135 

6)T.„C 

0.0258 

c. 


1 


c x 1 






1.16 



1.026 





C 

1- 

-fiTlX 


C 1 — ci)'L,.C 



Cx 


106 

Q- 

103.1 




To gee Q,i 



C 


8380 

c°- 

10100 

a 

from a 

vs C" 

4.15 

/ 3 from jS vs C' 

5-70 


graph 


graph 


Correction for a 
1 250 


— ( 1) 0.113 

3 Q. 

1 250 

cv' — a H ( — 1 ) 4.263 

3 Q, 


Qi fm,' 

y — 0.00 1 14 a' 0.4957 

C/ifif 

C I 

Q.. = — ■ Qi 320 

C* 1 — y 


0.00573 Q, 


V = P 

CjjL fj,( 

0.0979 

C 1 

Qr — ^ Qi 

Cv 1—1) 

326 
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Measurement of Dielectric Materials 
and Hi Q Capacitors with the Q Meter 

NORMAN L RIEMENSCHNEIDER, Sales Engineer 



Figure I. The author measuring the dissipation factor of Teflon. 


Dissipation Factor of 
Insulating Material 

A considerable amount of material 
has been published on this subject by 
many experts in this field describing 
the various Techniques and rhe precau- 
tions to be observed in making measure- 
ments. from our own field work with 
companies involved in these measure- 
ments* vve have come to realize the need 
of methods for use where the expedi- 
ency required for process control work 
can be obtained at some possible sacri- 
fice in accuracy by eliminating specially- 
developed specimen holders, guard 
rings, etc It is io this sense that we 
offer the following suggestions for mak- 
ing measurements of this nature. 

To review the overall operation very 
briefly, let it suffice to say the sample 
to be measured will be converted inro 
a capaciror by adding suitable elec- 
trodes to the two parallel surfaces* and 
measurements made of its equivalent 
parallel capacity (C,J and resistance 
(R m ). From these two parameters, the 
Dissipation factor 

1 1 

D = = 

Q 

can be determined. The whole opera- 
tion can be resolved into a sequence of 
logical steps, with the necessary precau- 
tions, described below: 

Operating Procedure 

The ground plate and clip shown in 
Fig. 2 have been used with very satis- 
factory results. Prepare a plate and clip 
as shown and install on the Q Meter 
(see Figure 1 ). 

Select the desired frequency and al- 
low the Q Meter to warm up. Use a 
shielded coil whose inductance is such 
that it will resonate at the desired fre- 
quency with the Q Capacitor set at ap- 
proximately 50 piiii. It is desirable to 
use the least possible amount of capaci- 
tance to resonate the coil since any di- 
electric specimen loss added to the cir- 
cuit later will be more conspicuous 
when paralleled across a low capacity 
(high impedance) than a high capacity 
(low impedance). In any case, the low- 
est capacity that can be used will equal 
rhe sum of the sample capaciry plus the 
minimum capacity (30/xjLtf) of the Q 
Meter internal resonating capacitor. 

Selection and Preparation 

of Samples 

Inasmuch as rhe ratio of loss and ca- 


pacitance vary uniformly, there is quite 
a latitude in the choice of sample size. 
Very often either a 2" diameter, 
thick, round disc, or a 4” x 4” square 
sample is chosen. It is of some advan- 
tage to use a configuration whose area 
can be readily computed if the dielectric 
constant is to be measured. In any case, 
increasing the area or decreasing the 
thickness will tend to increase the 
measurable "lossiness" which is desirable 
when measuring materials having very- 
low dissipation factors. The sample 
should be clean and handling of the 
edgei should be avoided to preclude the 
possibility of any contamination. Apply 
a very rhin layer of Petrolatum and add 
aluminum or soft lead foils cut to 
sample size to both sides of rhe sample. 
Be sure to Toll out" any air pockets so 
that intimate conracr is made ar all 
points. It is also possible to employ 
commercially available conductive coat- 
ings which can be painted or "vacuum 
evaporated" on the sample. 

Measurements with 
Sample Connected 

With rhe ground plate secured to the 
case of the Q Meter and connected to 
"Lo" Capacitor post, mount the speci- 
men oh the plate and hold in position 
with the spring dip connected to the 
"Hi" Capacitor post. After having 
adjusted the ’ Q Zero adjust" knob, in- 
crease che oscillator output control until 
the "MuJriply-Q-By" Meter indicates 
"V\ Be sure this needle is at this point 
during all measurements. Rotate the Q 
Capacitor to obtain resonance as indi- 
cated by a maximum deflection on the 
"Circuit Q” meter. If die main con- 
denser is set ar the nearest calibration 
on die dial and the vernier condenser 


adjusted for resonance, a much closer 
reading can be made of capacitance. 
Make a record of Q- and G* at this 
point. (These readings are designated 
as and C- since in Q Meter measure- 
ments they are usually recorded as the 
second reading). The procedure has 
been reversed here since specimens can 
be removed faster than they Can be 
mounted and it is desirable to minimize 
the elapsed rime between readings. 

Those using a 190- A or 2 60- A Meter 
will want ro rake advantage of the 
'Delta Q“ scale on rhe instrument. In- 
asmuch as rhe Qi reading will be higher 
than the Q- reading just made, rhe 
"Delra Q" adjustment will not be ref- 
erenced to zero but ro some other con- 
venient point on rhe scale. It is also 
very advantageous to hold the Delra 
Q” key in its operated position long 
enough to take advantage of the in- 
creased meter sensitivity and refine the 
cifcuic tuning as needed. The reference 
point finally chosen should be recorded. 

Measurements with 
Sample Removed 

Remove sample and Spring Clip Con- 
nector and resonate the circuit as above. 
Operate 'Delta Q" key when at reso- 
nance and refine tuning with vernier. 
Read "Delta Q" value first and then the 
value of Ci. Qi will be equal ro 
plus the change (neglecting sign) in 
"Delta Q” reading. The needle, when In 
"Delta Q" operation, should always 
move ro the fight when going from rhe 
Qi; reading (with sample) to the Qi 
reading (without sample). For those 
using older type Q Meters thar do not 
have rhe Delta Q scale, it will be neces- 
sary co read Qi from the mecer and 
compute the change. 
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Calculation of Dissipation Factor 

The dissipation, D, is found to be: 

C, fQ, -Q.) 

D = (\) 

(Ci - GO Q, Q 2 

And of course Qi = + ‘Dclra Q" 

when the "Delta Q" scale is used, 

Examination of the above formula 
emphasizes the Importance of determin- 
ing rhe (Qi — Q L >) or "Delia Q" term 
as accurately as possible, since the meas- 
urement accuracy is in the same order 
as the determination accuracy of this 
term. 

Example of Technique 

As a means of illustrating rhe teclv 
nique, the following measurements were 
were made ac 1 me on a piece of Teflon, 
2" in diameter and 0.077" thick. 




-SAMPLE DETAINING CLIP 

Figure 2 . Details of dielectric test 
fixtures for Type 160- A and 260-A 
Q Meters . 

With Sample Attached; 

Qj = 73 0 main condenser, and 0.12 
for vernier condenser; total ” 73-1 2/xjtxf 
Q, = 232 
'"Delta Q” set at 25 
Remove Sample : 

‘"Delia Q" reading = 21.2 

AQ = 25 — 21.2 = 3.8 

Cj = 93 main condenser and 0.6 for 


vernier condenser; total = 93-6 

Qi = Q- 4- " Delta Q"‘ = 

232 -f 3.8 = 235.8 

Computations: 

C, < Qi — Qii ) 

D = — 

( Ci — Cj ) QiQ- 

C, (DelraQ) 

f C, — C>) Q;Q- 
93.6 X 3>8 

20.48 X 235.8 X 232 
3.56 X I0 U 

1.12 X 10“ 

= .000318 dissipation factor. 

It might be worth noting that as the 
insulating properties of the materials 
rested become better, rhe quantiry 
(Q, — Q-), called "Delta Q'\ becomes 
smaller to the exrent that the use of the 
"Delta Q” scale, incorporated in both 
the 190-A and 260-A Q Meters, be- 
comes mandatory. 

Dielectric Constant 

The dielectric constant, K, can be 
found from 

4.45 t* t 

K= (2) 

S 

Where: 

C v = Sample capacity — G\ — C- 
( f rom above ) 

t = average thickness of material in 
inches 

S = area of active dielectric material 
between electrodes in square inches 

Using the values determined above, 
the dielectric constant of the sample is: 

4.45 X 20.48 X -077 

K = — 

7 T 

= 2. 28 for the sample tested. 

If S and r are measured in centi- 
meters 

11.3 C v r 

K = (3) 

S 

Use of the Kartshorne Holder 

Specimens of suitable size and thick- 
ness can be mounted in a Hares home 
type holder and measured in three ways. 

1. "Resonant Circuit, Resonance Rise 
Method": This is similar to the tech- 
nique shown above but refined io rhe 
extent of mounrmg the specimen in a 
Hartshorne Specimen Holder, 

2. "Variable Susceptance Method 
with Air Gap”: Here ihe specimen is 
mounted in a Hartshorne Holder and 


an Air Gap of 0.005'' to 0.050" is in- 
troduced above rhe surface of the speci- 
men. Tins method has been found suita- 
ble for measurements from 10 kc up 
to 100 me. 

3. ‘Variable Susceptance Method 
without Air Gap": This method, similar 
to che above except chat the specimen 
is clamped in the holder instead of al- 
lowing an air gap, is employed for ma- 
terials whose losses are too small to be 
measured by the air gap technique. 

Boon ton Radio Corporation Drawing 
Number C-302252 gives the specifica- 
tions for the adapter place used, to 
mount the General Radio Type 1690-A 
Hartshorne Holder to any BRC Q 
Meter and is available upon request, 

Measurements can also be made of 
insulating liquids with ihe provision of 
a suitable cell or container. 


SOME NOTES ON 
INSTRUMENT REPAIR 

One of rhe responsibilities of a manu- 
facturer of precision electronic instru- 
ments is to provide facilities for repair- 
ing and maintaining his products. In a 
sense this responsibility begins in the 
development and design stages of an 
instrument's history for it is in rhis 
stage char proper design will minimize 
rhe need for later repair. Also ac this 
stage arrangements which facilitate later 
repair can be made. 

Booncon Radio Corporation operates 
a factory repair facility and also has 
authorized repair of us instruments by 
competent groups operated by its Rep- 
resentatives throughout this counrry and 
Canada. When your instrument requires 
repair, contact rhe office nearest to you, 
included in che list on the back page of 
this i;5$ue. 

When your instrument is to be re- 
turned to the factory for service the fol- 
lowing steps will expedite the repair. 
1. State as completely as possible both 
on an instrument rag as well as on 
your order the nature of the prob- 
lem which you have experienced. 
Too much information is far better 



Inspector aligning the RF section of 
Signal Generator Type 211 -A to 
track with the frequency dial. 
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than too little, if the problem is 
intermittent in nature be very speci- 
fic. We sometimes have instruments 
with this type of trouble which re- 
fuse to misbehave for us* 

2. Stare on your order whether we may 
proceed and bill you in accordance 
wjth our standard pricing system or 
whether you require that we secure 
your approval of the price before 
proceeding. The price will be the 
same in both cases but delay in de- 
livery will be minimized by your 
permission io proceed in accordance 
with our standard system. Your ac- 
knowledgement copy of the order 
will always show the price. 

3. Return the complete instrument even 
though you may think that some 
portion is not at fault. Some of our 
Signal Generators consist of two 
unirs (the power supply and signal 
generator); send both. 

4. If you have made a change in your 
instrument and want the instrument 
back in the same form tell us so. Our 
Inspection Department will always 


want co make your instrument stan- 
dard. 

Some of our instruments have been 
in production for several years and we 
have built up a reasonable amount of 
repair history. For these instruments we 
have established standard prices based 
on our average experience. These prices 
are based on the age and condition of 
the instrument. Thus all instruments in 
a given age bracket in average condi- 
tion for that age will be priced at one 
of our standard prices. These prices are 
studied and modified at the end of each 
year. This system saves you money and 
time since it avoids the necessity of a 
cost analysis on each individual repair. 

A good repair facility requires good 
communication between customer and 
factory. If you have justified abnormal 
requirement for quick return of your 
instrument let us know. We will do our 
very best co accommodate you. Ask only 
if you have a real need. If everybody 
asks we cannot improve our speed for 
anybody. 


Correction of Low Q Reading 
On Q Meter Type I60-A 

SAMUEL WALTERS, Editor, The Notebook 


Occasionally the mica plate which 
supports the measuring terminals on 
top of the Q Meter Type 160- A must 
be replaced because of surface contami- 
nation or cracking of the surface which 
breaks the moisture-proofing compound. 
The resultant rf leakage from the HI 
post measuring terminal to ground ef- 
fectively adds a shunt resistance across 
the circuit under resr causing a low 
Indicated Q reading. Someriipes the 
rupture or contamination is not visually 
apparent although just as electrically de- 
fective as the obvious case, However, 
the mica terminal insulator should not 
as a matter of course be changed when 
abnormally low Indicated Q readings 
are observed since there are three other 
conditions chat will cause shunt losses 
and excessive loading of the circuit un- 
der test. These other conditions are; 

1. Cracked mica internal resonating 
capacitor stator insulators (in later 
Q Meters pyrex glass was used 
which rarely causes trouble). 

2. Defective Q voltmeter rube 
(105-A). 

3. Grid leak associated with 105- A 
(100 megohm resistor) in det- 
eriorated condition. 

Before proceeding to isolate the con- 
dition causing the shunt loss, one must 
first determine whether the low Q read- 


ings are due to shunt losses or some 
other cause. This can quickly be de- 
termined with the use of the Q Standard 
Type 513‘A*, a shielded reference in- 
ductor designed to maintain accurately 
calibrated and highly stable inductance 
and Q characteristics. Assuming shunt 
Josses are indicated, we proceed to rhe 
next step: the isolation of the condition 
causing the shunt loss. 



Figure 7, Bottom Vie w; Binding post 
plate assembly — O Meter Type 


160-A. 


Determination of Shunt Loss 


The procedure is as follows: 

a) Position the Q Meter co be tested 
(Q Merer A) three inches to the rear 
of another Type 160-A Q Meter (Q 
Meter B used as an indicating unit). 
Both Q Meters are to face the operator. 

b) Connect a Type 103-A22 Inductor 
to the COIL terminals of Q Meter B. 
Interconnect the GND terminals of the 


two Q Meters by means of a 15 inch 
length of No. IS stranded copper wire. 
Suspend a 17 inch length of No. 20 or 
No. 1 8 bare tinned copper wire (single 
strand) from the HI-COND terminal 
post of Q Meter B so rhat the free end 
of this lead points directly down toward, 
and is one inch removed from, the HI- 
COND terminal post of Q Merer A. 
This lead should be positioned as far as 
possible from other objects. 

c) Apply ac power co both Q Meters. 



Figure 2. 4n0/e of alignment of 

wiper fingers. 


d) Adjust Q Meter A for oscillator 
frequency of approximately 800 kc and 
a Mulii-Q-By reading of approximately 
L.2. Adjust vtvm zero in usual manner 
and adjust capacitance dial to 30 /ipf. 

e) Adjust Q Meter B to read die Q 
of the Type IQ3-A22 Lnduccor ac tun- 
ing capacitance dial reading of 70/x/rf 
and an oscillator frequency of approx- 
imately 1.13 me so that the Indicated 
Q reading should fall between 221-235. 
Note rhe exacr value of this reading 
as Q 1 $. 

f) Now interconnect the COND-HI 
terminal posts of the two Q Meters by 
inserting the tip of the suspended bare 
lead into the corresponding terminal 
hole of Q Merer A. Resonate Q Meter 
B by adjusting its capacitance dial. 
Note the new Q reading on Q Merer 
B as Q^. 

g) If Qi — Qj = 14 or less the 
cause of faulty Q Meter ' A" Q reading 
probably lies elsewhere than in the in- 
ternal Q measuring circuir. 

h) If Q] “ Q> exceeds \4 proceed 
as follows to more specifically locate 
the cause of excessive errors in Q read- 
ing, Turn ac power off Q Meter A. 
Disconnect grid connector clip from 
L05-A tube grid cap in Q Meter A, 
allowing grid lead from Q-unit to hang 
in space. With the two Q Meters inter- 
connected as for reading (see (f) 
above), bur with rhe ac power still 
turned off Q Meter A, resonate Q Meter 
B by adjusting its capacitance dial. 
Note Q Meter B Q reading as Qs 

i) If Qa — Q- exceeds 8, voltmeter 
tube 105-A should be replaced as de- 
fective, 

j) If Q\ — exceeds 6, excessive 
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Q-unit AQ is indicated. Correction usu- 
ally lies m replacement of binding post 
mica terminal insulator. In rare instances 
the trouble may be occasionally in the Q 
capacitor stator insulators or in the 100 
megohm grid resistor; extension of the 
above procedure will quickly indict the 
faulty component. Both components 
have a AQ of 2. 

Replacement of 
Mica Terminal Insulator 

The replacement of the mica terminal 
insularor is a relatively simple proce- 
dure. However, this procedure must be 
followed ro avoid damage to the ther- 
mocouple and expedite the mica plate s 
removal and replacement, 

L Unscrew knurled knobs from gold 
plated binding posts. 

2. Remove thermocouple mounting 
screws. 

3. Unsolder thermocouple connecting 
Strip from LO post using hot iron. 
( Prolonged heat will damage rhe 
0.04 ohm resistor in the thermo- 
couple. This is the main reason 
for removing knurled knob from 
binding post first) . 

4. Remove fiducial, main Q and 
Vernier dials. 

5. Remove 2 top screws and 4 In- 
ternal Resonating Capacitor mount- 
ing screws located under dials. 
The Internal Resonating Capacitor 
can now be removed from rhe in- 
strument. Facing the front of this 
capacitor are two screws (on the 
upper left edge) that secure the 


top place. Remove screws. Do nor 
artempt to remove plate until the 
end flaps of rhe copper strap are 
unsoldered from rhefr stator con- 
nections. Lift pi a re straight up so 
that silver contactors will not be dis- 
turbed in rheir alignment. 

Place plate on its back with 'con- 
taers” sticking up. Use Vz* wrench on 
the one nur securing mica ro plare, Re- 
move nut and washer. After unsolder- 
ing copper strip, drop mica from plate. 

Leave plate in same position and in- 
sert new mica terminal insulator, lr is 
important that rhe untinoed binding 
post be used co secure che mica to the 
cop plate. The remaining binding posts 
are tinned and should occupy the rela- 
tive positions shown in Figure l. Solder 
copper strap across the two rop posts 
rhac are pre-tinned for ease in doing 
this operation. At this point che ca- 
pacitor is ready for re assembly by re- 
versing the foregoing procedure. 

Special care should be taken so that 
the six silver fingers arc in good con- 
tact with rhe disc on the condenser 
rotor. An angle of L05 degrees must 
exist between front of condenser and 
cop place as illustrared in Figure 2. 

There is one precaution in this oper- 
ation: do not handle mica with fingers 
if possible. Use cotton gloves or 
tweezers. 

* See *rbe Q Standard — st Ncu> Rtf an infe In- 

ductuT i or Chuuk in £ Q Mfter Pcrformil*l<€ "by 
Chi Li/ifj Ktn)$. f/nJ }dj>>vi WCnhur. Spying 
Ui hr \'C» 7, ff Thi jV blvh tnJji . 

§ // Q rztiditt Jf /r ^hist's Ar b&lpv/ this th& 

limilj in tielfnbvd fitQi^durg Jtr ftuf upfi - Mqu - 
the geneifjt procedure ran be HH>d. 


NOTE FROM THE EDITOR 

On September 19, 1955, Boon ton 
Radio Corporation became the 56th 
recipient of rbe Bureau of Engineer- 
ing and Safety Award. Sponsored by 
rhe Department of Labor and Industry 
in cooperation wirh rhe New Jersey 
State Industrial Safety Committee, the 
Award was established some years ago 
as part of a statewide accident preven- 
tion program. 



president and general manager of 
Soonton Radio Corporation, shown ac- 
cepting Safety Award from C. George 
Kruger, deputy director, division of 
tabor of the State of New Jersey. 

The goal of this year's effort is a 
15% reduction in industrial accidenrs. 

Booncon Radio Corporation was hon- 
ored on rhe basis of its 'very enviable 
record” of having worked the period 
from December, 1952 through April, 
1955 with no lost time accidents and 
for its safety practices which produced 
this resulc. 
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Determination Of Metal Film Thickness 


27 K3B 


A non-destructive electronic method applicable to combinations of 
coating and basis materials, at least one of which must be a conductor. 

ANTS PIIP, Development Engineer 




Figure 7 . The author shown measuring plating thickness of a capacitor frame. 


The measurement of the thickness of 
thin films, of the order of 10 — 0 inches 
or less, has always been one of the 
major problems for the coating industry, 
whether it be a question of metallic 
films on a metal basis (eg., such as are 
produced by electroplating) ; or metallic 
films on an insulator; or an insuiaring 
film on a conducting carrier. 

There has been a deeply felt need 
for a reliable, rapid, simple, non-destruc- 
tive method for obtaining absolute or 
comparative thickness readings on the 
majoriry of film-basis combinations. 
Hitherto available methods lack one or 
more of these desirable characteristics. 

Thickness measurements have been 
based on the following methods: 
mechanical, chemical, electrochemical, 
optical, X-ray and beta ray scattering; 
magnetic, electrical conductance, and last 
but not least, eddy-current properties. 

Description of Available Methods 

for Measuring Plating Thickness 

Mechanical: Mechanical methods in- 
volving the use of a micrometer or 
similar device are useful in a limited 
number of cases: the specimen is meas- 
ured at the identical spot before and 
after placing. Obviously, the shape of 
the specimen has to be suitable for such 
a measurement, and the thick oess of the 
deposit has to be appreciable. 

The chemical, electrochemical and op- 
tical methods are definitely destructive. 

Chemical: The majority of the chemi- 
cal methods can be reduced to a de- 


YOU WILL ALSO FIND . . . 

A Method of Measuring 
Frequency Deviation Page 5 

RF Calibration of the 
Sweep Signal Generator 
Type 240- A Page 6 

Editor's Note Page 7 


termination of the weight of coating 
metal per unit area. They involve the 
following steps: measurement of area, 
stripping the plating with a reagent 
that leaves the basis unaffecced; direct 
determination of coating material lost 
through stripping by means of weigh- 
ing the specimen' before and after 
stripping, or a determination by appro- 
priate quantitative chemical analysis or 
colorimetry of the amount of coating 
material gone ioco solution. For rough 
checks, the dropping method can be 
used in certain cases: a prescribed 
stripping reagent is made to drip under 
controlled conditions on the piece to be 
tested, and the time noted until the basis 
becomes exposed. 

Electro chemical: Electrochemical plat- 
ing thickness measurement is actually a 
deplating operation of a known area. 
The number of coulombs (amperesec- 
onds) required to expose the basis metal 
is a measure of the amount of material 
removed, as stated by Faraday's electro- 
chemical Law. The sharp change in de- 
plating cell voltage chat occurs when 
the basis metal is introduced into the 
electrolyte is used as an indicator. 

Optical: For optical methods the 
specimen is mounted in a damp or pro- 


tective medium (usually a thermosetting 
plastic), sliced accurately, the cut pol- 
ished, etched and measured either under 
a microscope or projected at known 
magnification, 

X-ray and Beta ray: X-ray and beta 
ray techniques require quite elaborate 
instrumeocation. Neither of these two 
methods is necessarily destructive for 
the specimen to be measured. 

The following methods are aJI non- 
destructive, and should properly be called 
comparators, since none of them is 
capable of yielding an absolute measure- 
ment without recourse to precalibrated 
standards. Likewise, they are sensitive 
to the geometry of die specimen. 

Magnetic: The magnetic methods 

obviously are Jimired to combinations 
where at least one of the components, 
either the basis or the coating, is fer- 
romagnetic (e.g., steel, iron, nickel). 
Generally, they are based on measuring 
the force necessary to pull a small mag- 
net off the specimen. In die case of a 
non-magnetic coating on steel or iron, 
this force decreases with increasing 
coating thickness. With nickel on a non- 
magnetic base, rhe force is die higher 
the thicker the placing. Headings de- 
pend on the smoothness and surface 
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conditions of the coating, on the geome- 
try of the test piece, on magnetic prop- 
erties of the material, and local com- 
position of the material; also, the mag- 
netic properries of plated nickel vary 
widely with the plating process used. 

Electrical Conductance: Instruments 
based on the direct measurement of the 
electrical conductance of the plated 
specimen axe applicable only when the 
conductivities of the coating and basis 
materials differ appreciably. The probes 



Figure Z Penetration depths (in 
inches, T) of the most common plat- 
ing materials. 


associated with this type of instrument 
require good electrical contact at 4 
points (2 for current injection, 2 for 
voltage pickup.) A hybrid method has 
also been used, utilizing a combination 
of thermal conductivity and generated 
thermoelectric voltage. 

Eddy-Current Method 

The method described below is die 
one employed in the instrument shown 
in Figure 1. 

When a conductor is broughc ioto 
the field of a coil excited by an alter- 
nating curreoc, eddy-curreats are in- 
duced that circulate in dosed loops io 
die conductor. - The eddy-currents gen- 
erate an electromagnetic field, which in 
turn induces an electromotive force in 
the exciting coil that tends to oppose the 
original current in it, thereby changing 
its impedance. The effect on the coil is 
equivalent to having introduced an addi- 
tional ''reflected impedance" in the coil 
circuit. 


The amount by which the coil im- 
pedance changes depends on a number 
of facrors: the electrical and magnetic 
properties of rhe conductor, its con- 
figuration, the coil-conductor spacing, 
the geometry of the coil, and che 
frequency. 

For the sake of simplicity, let us con- 
sider the case of a plane, infinite, 
homogeneous conductor close to the coil 
and normal to the coil axis- We observe 
the following phenomena: 

Bringing the cod closer to the con- 
ducting plane decreases the reactance 
and increases the effective resistance of 
the coil. The relative reduction of che 
reactance depends mainly on the ratio 
of coil diameter to the spacing from 
the conductor and is quite independent 
of the marerial of the conductor — pro- 
vided this is non -ferromagnetic The 
increase in resistance, however, depends 
not only on the cod spacing, bur also On 
rhe conductivity of the conductor* 
Keeping the coil spacing and con- 
ductor material constant, but varying 
the thickness of the conducting sheet, 
we notice that the reflected impedance 
of the cod follows the increase of che 
conductor thickness only up to a certain 
thickness, called the "penetration depth” 
beyond which eddy -currents do not ap- 
preciably penetrate into the metal. The 
penetration depth, T to inches, can be 
expressed as 

t= ^l pi 

jr ^ 

where: f = frequency in cycles/secood 

9 

— — “ ratio of resistivity of con- 

j q u ductor to that of copper, 

p = permeability of conductor. 

Figure 2 illustrates the dependence of 
current penetration depths on frequency 
and conductivity for a variety of metals. 

Changes in thickness can be detected 
by observing the coil parameters only if 
the conductor is not thicker chan T; 
after that its effect is the same as if it 
were infinitely thick. T is smaller for 
materials with high conductivity {low 
resistivity), ferromagnetic materials 
have very small penetration depths* 

In the Case of conductive coatings on 
conductors, rhe reflected impedance de- 
pends on the conductivities of the basis 
and coating and che thickness of the 
coating, with rhe coil spacing and fre- 
quency being kept constant. Tire rela- 
tionships between reflected impedance 
and the properties of the composite con- 
ductor become quite complex, bur it can 
be easily established, chat 


1. Chaoges in coating thickness are 
detectable only if the thickness of 
rhe coating is not more than the 
penetrarion depth in ir, approx- 
imately, and an appreciable por- 
tion of the total eddy-currencs 
circulate in the basis metal. If the 
coating thickness is larger than the 
penetration depth, practically all 
eddy -currents are confined to the 
coating metal and variations of its 
thickness have negligible effect on 
the distribution of the eddy- 
currencs. 

2. Combinations of the same basis 
material wirh coatings of different 
metals, but of the same thickness, 
result in different changes in re- 
flected impedance, referred to that 
on the bare basis. These changes 
ate larger, if the coating and basis 
conductivities differ by a larger 
ratio, since a much larger fraction 
of the total eddy-currents is con- 
fined in the coating than in the 
Case where both the coating and 
basis are very dose in their con- 
ductivities. 

The foregoing discussion is appli- 
cable to magnetic materials as well, if 
we take into account that the "surface 
conductivity” is a function of permea- 
bility and frequency as well as bulk 
conductivity. 

Having discussed the general prop- 
erties of eddy-currents, we find that 
they offer a possibility for measuring 
film thickness of all rhtee kinds: con- 
ducting films on conductors through 
detect ing changes in current distribu- 
tion; conducting films on non-conduc- 
tors by variations in the total amount 



Figure 3. Frequency parameter tM A n 
and expected sensitivity as func- 
tions of basis and plating materials. 
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of eddy -currents ia a film thinner than 
the penetration depth; and non-conduct- 
ing films on sufficiently thick (more 
than the penetration depth) conductors 
by the increased spacing of the coil 
from the basis. We can also conclude 
chat cddy-currents offer a means for 
sorting metals according ro their con- 
ductivities. 


Various techniques using the eddy- 
current principle have been used in the 
testing of materials, including measure- 
ments of film [hickness. F. Forster in 
Germany, a pioneer in the field; Bren- 
ner and his associates at the National 
Bureau of Standards, and the Atomic 
Energy Commission ace onJy a few who 
have made contributions in this field. 

Determination of Suitable Test 
Frequency, and Expeeted Measure- 
ment Sensitivity for Conducting 
Films on Various Basis Metals 

Irrespective of rhe kind of instrument 
ro be used or the changes of probe im- 
pedance it responds to, the rest fre- 
quency should be chosen accordingly to 
the thickness of the coating and compo- 
sition of the film- basis combination to 
be measured Quite generally, a thinner 
coating requires use of a higher fre- 
quency. Also, coatings of lower con- 
ductivity should be measured at a some- 
what higher frequency than those of 
higher conductivity for comparable 
plating thickness on the same basis 
metal. 

These relationships can be visualized 
more easily if we study Figure 3, a 
nomograph prepared in coo junction 
wich Figure 2 for the choice of test fre- 
quency. A factor “A” for each combina- 
tion of the more common coating and 
basis metals is obtained by dropping 
perpendiculars from the boxes pertain- 
ing to the coating and basis metals to 
rhe appropriate base lines of the nomo- 
graph, and joining these points by a 


straight line. " A “ is then found at the 
intersection of this straight line with 
the center line. This figure represents 
the desirable ratio between penetration 
depth in rhe coating metal and maxi- 
mum expected coating thickness. 

Let us assume it is desired to measure 
1 mil ( 10 -3 inches) of silver plating 
on a yellow brass of average composi- 


tion. For this combi nation, we find A 
is approximately 2. Consequently, we 
should choose a test frequency such that 
the penetration depth in silver will be 
of the order of 2 mils. From Figure 2, 
this is obtained at a frequency of 1,5 
me A frequency somewhat lower, e.g., 
500 kc, will increase the maximum 
measurable thickness, but some loss of 
sensitivity is to be expected on very 
thin coatings. A higher test frequency, 
e.g., 8 me, will prevent us from measur- 
ing up to rhe full l mil chickness al- 
though we get better sensitivity on very 
thin platings. 

Considerations for the Design of an 

Eddy-Current Film Thickness Gauge 

The eddy -cur rents induced by the 
coil in the conductor circulate in the 
latter and diminish in amplitude as one 
goes deeper into the mater iaL, and also 
with distance from the coil along the 
surface. This decrease of the amplitude 
of the eddy-currents with distance from 
die coil determines the diameter of the 
coil which must nor be more than about 
Vi the smallest linear dimension of the 
surface to be measured 

Since variations of reflected imped- 
ance depend on the ratio of coil dia- 
meter to mean spacing from the con- 
ductor, the coil should be flat and very 
dose co the specimen if sufficient sensi- 
tivity Is to he obtained. 

In genera), variations of the resistance 
component of the reflected impedance 
axe characteristic of the conductors in 


the coil field, and we want this varia- 
tion to be as large as possible in rela- 
tion ro rhe resistance of the coil proper 
for good sensitivity. Therefore, a hjgh-Q 
coil is indicated. The sensitivity can be 
increased furthermore if the probe is 
made the inductance in a resonant cir- 
cuit operating at or near resonance. 

The spacing of rhe probe coil to the 
conductor (or their relative angular 
orientation, which is equivalent ro a 
change of mean spacing) exerts a major 
influence on die reflected impedance. 
Therefore, means should be provided 
ro guarantee that the spadug and orien- 
tation of the probe coil are always kept 
constant in use. 

Phase changes are less affected by 
slight variations in probe spacing and 
orientation and reasonable surface im- 
perfections (such as scratches, din, 
scale), chan functions which also in- 
volve the magnitude of probe imped- 
ance. Phase changes are also relatively 
independent of voltage levels. 

A careful srudy of the coating- basis 
combinations commonly encountered in 
the plating art, and the coating thick- 
nesses thereof, shows that 500 kc and 8 
me are suitable test frequencies, which 
together provide a continuous range of 
thickness measurements of about 20: 1 
for any given combination of plating 
and basis material. 

Metal Film Gauge, Type 255-A 

Figure 1 shows the Metal Film Gauge 
Type 255-A which was designed to 
meet die requirements outlined above. 

Fundamentally, the instrument con- 
sists of an oscillator driving probe and 
reference phase circuits. The probe cir- 
cuit is made resonant at the oscillator 
frequency with the probe placed on the 
basis material. Both the probe signal 
and the reference signal are impressed, 
after suitable amplification and ampli- 
tude limiting, on the grids of a gated- 
beam phase detector tube. The place 
current of the phase detector varies in 
accordance with the phase difference 
betweexi the probe and reference sig- 
nals, and actuates the indicating meter. 
The meter has easily interchangeable 
scales which can give a direct reading 
on any placing-basis combination and 
obviate the need for separate calibra- 
tion curves. Two complete probe as- 
semblies go with the instrument, one 
for 500 kc and one for 8 me. The probe 
coils are approximately Va inch in di- 
ameter, making possible measurements 
on flat samples over Vl' across. 

A more thorough understanding of 
the operation and design of the instru- 
ment can be obtained by referring to a 
functional block diagram, Figure 4, and 



figure 4. functional block diagram of the Metal Film Gauge, Type 255-A. 
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Figure 5. Vector diagram of the 
255-A probe circuit . 


rhe vector diagram of (he probe cir- 
cuits, Figure 5. 

The rest frequency, either 500 kc or 
8 me, is generated in a crystal -con- 
trol led oscillator which can be switched 
to either of these frequencies. Since the 
limiting and phase detection circuits 
operate ar 500 kc, a 7.5 me heterodyne 
oscillator frequency is provided for mix* 
ing with rhe 8 me signals from the 
high frequency probe and reference 
phase circuits when in use. 

The output of rhe oscillator Is ap- 
plied across the series combination of a 
coupling capacitor and rhe probe cir- 
cuit which together effectively form a 
phase shifting network (Fig. 5). The 
probe is resonated by a variable air 
capacitor. A fraction of the total oscil- 
lator voltage, in phase wich it, is used 
os rhe reference signal: With rhe probe 
resonated, rhere exists a certain phase 
difference rf) between the probe and ref- 
erence signals which are fed to the grids 
of two identical limiter amplifier-mixer 
heptodes, whose plate circuits are tuned 
to 500 kc. On the 500 kc range, the 
heptodes function as straight amplifiers. 
However, on rhe higher frequency <S 
me ) range the heptodes are made to 
act as mixers and ro yield 500 kc sig- 
nals In their outputs, transposing the 
phase difference rj> from 8 me co 
500 kc. 

The outputs of the heprode stages are 
impressed on the first and third grids of 
a gated beam lion iter- phase detector 
;jbe f type 6BN6, The amplitudes of 
these grid signals have been made suf- 
ficiently high so as to cause saturation, 

thus making the phase derector quire 
insensitive ro any changes in signal 
amplitudes. The average plate current 


is a linear function of rhe phase 
difference. 

The plate circuit of the 6BN6 is 
made part of a dc bridge containing 
facilities for bucking out the quiescenr 
plate current (at probe resonance), an 
overload meter protection circuit, a 
sensiciviry control providing constant 
merer damping, and a full wave bridge 
xectificer, to make rhe merer reading 
unidirectional no matter how rhe basis 
and coating conductivities are related to 
each other. Full scale meter deflections, 
at full sensitivity of the instrument, cor- 
respond to phase angle changes of the 
order of 4 

The sample cards carry a piece of 
the basis material and specimens of 
known plating thickness on ch is basis 
material together with the appropriately 
calibrated meter scale and are inserted 
in the holder in such a way that the cali- 
bration comes against the edge of rhe 
transparent merer case, thus making rhe 
instrument direcr reading in thickness. 
The encapsulated probe coil is carried 
on a spring loaded plunger. 


Properties and Advantages of the 
Metal Film Gauge 

The 255-A is an instrument capable 
of detecting small differences in the 
surface conductivities of metals, or of 
small variations in the mecal-co-probe 
spacing. It becomes a direct reading in- 
strument when standards of known 
thickness and composition are used for 
calibration. 

Since borh the conductivity and 
permeability can show considerable var- 
iations, depending on the local compo- 
sition of the material* its hear treatment 
and previous history (work hardening, 
ere.) ''are must be exercised that the 
calibrated standards Eeally are repre- 
sentative of the material encountered in 
the subsequent measuring process. 

The absolute accuracies obtainable 
with the instrument depend on the ac- 
curacy wirh which rhe thicknesses of the 
standards are known. The instrument by 
itself is capable of distinguishing be- 
tween film thicknesses differing only 
by a few percent of the thickness cor- 
responding to full scale, when used at 
the correct frequency. 

To use the instrument for absolure 
thickness measurements at least two 
identical secs of standards of at least 
three thicknesses should be made up. 
One of rhe standard sets is measured by 
some other means for the actual plating 
thickness, and the other mounred on a 

sample card Together with a piece of 

bare basis metal. Ail rhe standard 
samples are measured io succession at 


the appropriate frequency and the cor- 
responding readings on rhe 0-100° scale 
plotted on graph paper as a function of 
film thickness. After drawing a smooth 
curve through the four points (three 
readings and zero), a calibration curve 
is obtained. This curve can be trans- 
ferred to rhe sample card and is used ro 
measure the thickness of work pieces 
having rhe same materials and falling 
within the thickness range of the cali- 
bration. The calibrating and measuring 
techniques described above are in princi- 
ple applicable to all three kinds of film 
basis combinations. 

Moderate amounts of curvature and 
slight differences in basis conductivities 
of the specimen can be compensated by 
a modified operating technique. 

In addition to film thickness detenu i- 
nations, che instrument can be used for 
sorting materials according to their con- 
ductivities. The main balancing ("Set 
Basis”) control can be calibrated di- 
rectly in conductivities, and the instru- 
ment used as a null device. 

fn measuring film combinations in- 
volving nt least one ferromagnetic com- 
ponent, the instrument readings can 
under certain conditions become am- 
biguous, but rh is ambiguity can be 
eliminated by a proper choice of fre - 
quency. 



Figure 6. Typical samples of cali- 
bration curves. 
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A Method Of Measuring Frequency Deviation 

JAMES E. WACHTER, Project En gineer 


There are in use today several meth- 
ods of measuring the frequency devia- 
tion of a frequency modulated signal. 
Most of these methods require the use 
of specialized equipment such as linear 
FM detectors and panoramic frequency 
analyzers. However* there is one meth- 
od which, although not the lease rime 
cons tuning* is both straight forward and 
accurate* requiring the use of commonly 
available laboratory equipment. This 
method is known by various names, 
probably the most used of which is 
"The Bessel Zero Method' 1 . As this 
name implies, It is related to rhe Bessel 
functions, the zero-order Bessel func- 
tion in particular. The fact chat the 
zero-order funcrion passes through zero 
amplitude at certain points, which cor- 
respond to discrete modulation indices, 
forms the useful basis for rhe method. 
The equation of a sinusoidal signal 
can be expresed as 

e =: A c cos (o>,t +f>) (1) 

where A e is the maximum amplitude of 
the carrier and is rhe angular fre- 
quency of the carrier. With a sinusoidal 
modulating signal and assuming 0^0* 
a frequency modulated signal can then 
be expressed as 

Ato c 

e — A c cos (<t)c t H sin 0 

( 2 ) 

where o> M is rhe angular frequency of 
the modulating signal and Aco c is the 
peak angular frequency deviation of die 
carrier. 

Act>(, Af c 

^ — = B = modulation index. 

f|U 

(3) 

Expanding equation 2 results in 
e = A c [cos fcvc cos (B sin e> n] t) 

— sin £U r r sin (B sin <o, u t)]. 

(4) 

It can be shown that 5 

cos ( B sin a> tll c) = J 0 (B) 

+ 2 J 2 (B) cos 2o) 01 t (5) 

-r 2 J-i (B) cos 4a m z + 

and 

sin (B sin Gj m t) = 2 J s (B) sin t£> llt t 

4" 2Js (B) sin + 

( 6 ) 



Figure 7. The author checking the 
frequency deviation of the Signal 
Generator, Type 2 02-B. 


where the coefficients J M (B) are Bes- 
sel functions of B. On substituting 
equations 3 and 6 in equation 4 there 
results 

c = A c [Jo (B) cos a> c t 
+ Jl (B) cos (a> c + cu ul )t (7) 
— Jj (B) COS <6)<. — «l m )t 
+ h (B) cos (a> c + 2<o lri )c 
4* Jl: ( B ) cos ( £u c — 2 n> Tt , ) t 4" ] 

which is the expression for sideband 
frequencies of a frequency modulated 
signal. It will be noted that there are 
possible an infinite number of side- 
band frequencies and that each side- 
band is spaced from die carrier by 
integral multiples of the modulating 
frequency. Also, it may be seen that the 
amplitude of the carrier decreases from 
a value of unity in the unmodulated 
condition to Jo (B), which is zero for 
some values of B, during modulation. 
A graphical representation of equation 
7 for B ~ 25 is given in Figure 2 r 

In employing the Bessel zero method* 
a heterodyne type receiver is tuned to 
the un modulated carrier frequency of 
the source to be tested so that a beat 
frequency of some several hundred 
cycles is obtained, which can be moni- 
tored with earphones or a vo/cmecer. If 
some loss In measurement sensitivity 
can be cole rated, a crystal frequency 
calibrator may be substituted for the re- 
ceiver, providing that the carrier fre- 
quency of the source is a harmonic 
multiple of the calibrator frequency. As 
a carrier is frequency modulated by a 
single frequency, the beat frequency 
will be observed to disappear ar several 
poinrs as the amplitude of the modu- 


lating signal is increased. As previously 
stated, these null points correspond to 
specific modulation indices, the first 
five of which are: 

2.4048 

5.5201 

8.6537 

11.7915 

14.930? 

These five poinrs are graphically illu- 
strated by the curve of the zero-order 
Bessel funcrion in Figure 3. The modu- 
lation index being rhe ratio of fre- 
quency deviation to modulating fre- 
quency (equation 3), it becomes ap- 
parent that knowing the indices ar 
which the carrier is zero and knowing 
the modulating frequency, the fre- 
quency deviarion ar each carrier zero ts 
readily determined. 

As an illustration* Lee us cake a value 
of 10,000 cps for the modulating fre- 
quency. As the amplitude of rhe modu- 
lating signal is increased, nulls will be 
obtained at the deviation frequencies of 

24.1, 56.2, 86.5, 117.9 And 149.3 kc 
Ir is well to bear in mind chat in 
order co perform this tese with any de- 
gree of success, it ts necessary rhac the 
modu lacing frequency be considerably 
greater than rbr bear frequency being 
monitored. This is so because rhe side- 
bands of a frequency modulated signal 
are spaced at intervals equal to the 
modulating frequency (see figure 1). If 
such is not the case and the ratio of 
modu lari ng frequency to beat frequency 
is, for an extreme case* only of the order 
of 2 to 1* the possibility exists of beat- 
ing with the first side-band frequency 
rather than the carrier. If unknown to 
the operator rhis will produce errone- 
ous results, since the side-bands, like 
the carrier, pass through points of zero 
amplitude ar particular modulation in- 
dices (see Figure 3) 

The accuracy to be expected from 
this method is dependent upon the ac- 
curacy of the modulating frequency and 
how well the nulls can be defined. For 
example, let us assign a value of ±0.5 Vc 
as the accuracy of the modulating fre- 
quency. Holding the modulation index 
constant, this ±0.59f is applied directly 
to the frequency deviation. Further, let 
us assume that the sensirivity of our 
system is such that the smallest ampli- 
tude beat-frequency we can detect is 
40 db below the beat -frequency signal 
due co the unmodulated carrier. Because 
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the receiver signal amplitude remains 
constant, the amplitude of the beat fre- 
quency varies directly as the amplitude 
of the carrier frequency of the source 
under tesr. If we arbitrarily assign a 
value of 1 to the amplitude of the beat- 
frequency due to the unmodulated car- 
rier , we may interpolate directly from a 
table of zero- order Bessel functions ' to 
determine the definition of the nulls. 
Now, 40 db below 1 is 0.01, which we 



Figure 2. Bessel functions and Fre- 
quency spectrum For f i)t = 4 kc and 
A f„ = JOO kc. * 



Figure 3. Bessel functions of the 
first kind. 


can locate in rhe table tn che vicinity of 
the first zero point. If whar we believe 
to be 0 is actually 0.01, then the modu- 
lation index we obtain is approximately 
2.38 instead of 2.4048, or an error of 
about 1.0%, which if rhe Bessel curve 
js assumed linear in the vicinity of zero, 
is possible on either side of zero, or 
dr 1.0%, For this case, if we hold the 
modulating frequency constant, this 
error too is applied direcrly to the devia- 


tion frequency. Taking both errors into 
account, for this example the maxi- 
mum possible error in determining the 
deviation frequency at a modulation in- 
dex of 2.4048 is zb 1.5%. Because the 
slope of the zero -order Bessel curve de- 
creases as it passes through zero at 
higher modulation indices, the maxi- 
mum possible error in determining fre- 
quency deviation will increase slightly 
with higher modulation indices. 
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RF Calibration of the 
Sweep Signal Generator Type 240-A 

SAMUEL WALTERS, Editor, The Notebook 


It sometimes becomes necessary to re- 
calibrate the rf circuit of this generator 
because of changes in frequency de- 
termining components, rube aging, etc. 
These changes will normally cause a 
frequency variation of no more than 2 
Or 3%- Changes larger than this usually 
indicate serious circuit problems which 
re-ca libra cion will not overcome. 

The parameter most likely to affect 
the frequency stability is rhe dc reactor 
biasing current which is an integral part 
of the saturable reactor method used in 
this instrument for generating a sweep 
frequency.* This method has many ad- 
vantages such as a wide sweep range, 
good stability and accuracy, inherently 
non-microphonic operation and a linear 
sweep. However, it introduces another 
variable into the oscillator circuit be- 
sides the conventional L Sc C: a specially 
shaped saw-toothed current that drives 
each of the five saturable reactors (one 
for each range). The saw -toothed cur- 
rent is super- imposed in the sweep 
condition on the dc reactor current, 
which provides the proper inductance 
at the cenrer frequency. This dc current 
may change in value should some fre- 
quency determining component in the 


power supply through aging or some 
other reason change its value, thus af- 
fecting rhe frequency. 

Discussion Of Marker System Used 
In Calibration 

The 240-A has a self-contained means 
of calibration through the use of a zero 
beat type marker system. As shown in 
Figure 1, a harmonics generator pro- 
duces a set of crystal-controlled refer- 
ence frequencies. A front panel control 
permits the choice of harmonically re- 
lated reference frequencies ai the funda- 
mental frequencies of 2.5 me, 0,5 me 
or 0.1 me. The rf sample output in cw 
or sweep condition heterodynes with 
the related frequencies in a mixer stage 
to produce audio frequency beat notes 
or Birdies'’, as they are sometimes 
called. 

The table below designates the vari- 
able resistors which control the reactor 
bias current and thus the cw and center 
sweep frequencies for each range. All 
of rhe variable resistors are located in a 
circle around the switch at the front 
right hand corner of the sweep chassis 
(see Figure 2). In all cases turning the 


resistor element in a clockwise direction 
causes the frequency to htcreasc. 


Freq. 

Res. 

Res, 

Range 

(CW 

(Sweep 

<MC) 

Operation) Operation 

4.5 to 90 

R 540 

R 533 

9.0 to 18.0 

R 538 

R 531 

18.0 co 35.0 

R 537 

R 527 

35.0 ro 75.0 

R 535 

R 526 

75.0 to 120.0 

R534 

R523 


Reccrlibration Procedure 

A, Sweep Operation Adjustment 

1. Connect rhe Sweep Out terminal 
posts to the horizontal input of an 
oscilloscope. 

2. Connect shielded cable from the 
Composite Signal Out BNC jack to 
the vertical input of rhe oscilloscope. 
No rf detector is required. 

3. Turn che Crystal Marker switch co [he 
2.5 mes position. 

4. Turn the CW -Sweep switch to 
Sweep . 

5. To avoid any error caused by scope 
non-linearity, turn the scope hori- 
zon lal gain all rhe way down. Center 
che resulting vertical line on the 
scope face, this point will mark the 
position on the scope of the center 
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of the sweep. Restore the scope hori- 
zontal gain ro normal. Tune the sig- 
nal generator so that one of the 
markers or "'birdies' 1 is at the center 
of the sweep. Decrease the signal 
generator sweep width until only 



Figure I. Block diagram of circuiis 
used in RF calibration of the 240-A. 


one marker appears and retune the 
frequency as required co center the 
marker. 

6. The frequency on the dial should be 
a multiple of 2.5 mcs within the 
=t 1% tolerance of the instrument. 
If it is beyond die tolerance, sec the 
dial on the frequency and center the 
marker on the sweep display by 
adjusting the proper resistor (see 
table) while observing the precau- 
tions listed below, 

7. Identify the frequency read on the 
dial with some frequency determin- 
ing instrument such as a receiver or 
grid dip meter to insure thac calibra- 
tion was made to the correct multiple 
of 2.5 mcs. This should be done 
whether or not a recalibration adjust- 
ment was necessary. 

B, CW Operation Adjustment 

1. Plug a pair of headphones into the 
front panel jack marked calibrate 
and adjust Center frequency control 
knob for a zero beat. If the use of an 
oscilloscope is preferred, connect a 


shielded cable from the Composite 
Signal Ota BNC jack to the vertical 
input, Use the internal horizontal 
sweep on the oscilloscope to display 
the zero beat. 

2. Turn the CW -Sweep switch to CW. 

3. Turn on the 2.5 mcs crystal marker 
and adjust the frequency dial to ob- 
tain a zero beat. 

4. The frequency indicated should be a 
multiple of 2.5 mcs withm the zL l % 
of the instrument. If it is beyond the 
tolerance, set the dial on rhe fre- 
quency and adjust the proper resisror 
for zero beat. 

5. Identify rhe frequency. 

Precautions 

The following precautions should be 

observed: 

1. Leave the dust cover intact but re- 
move the bottom piate. 

2. Operate the instrument in its normal 
vertical position. Set the instrument 
on the bench so that it hangs over the 
front sufficiently ro allow access to 
the resistors wirh a screw driver from 
the bottom. 

3. Use a screwdriver with an insulated 
handle and a protective insulated 
sleeve on the shaft. Tins is recom- 
mended to prevent accidental short- 
ing of the dc voltage on the resistor 
control to chassis ground. 

4. Allow 1 hour warmup before at- 
tempting any recaJtbraiion. 

5. Wait five minutes when changing 
frequency ranges to allow proper 
"settling 1 *. 

6. Before making any adjustments in 
the Sweep position of the CW-Sweep 
swirch, turn sweep width control 
fully clockwise and wait five min- 
utes. 


NOTE FROM THE EDITOR 

The annual trek East each Spring to 
see a picture in the round of electronic 
progress and exchange views presents 
rhe opportunity to talk of other things, 
M of shoes — and ships — and sealing 
wax — of cabbages — and kings," 
things that may appear irrelevant but 
are actually germane- 

industrial growth, for example, is 
rooted in local history. Such disparate 
articles as cannonballs and Q meters, 
al Though produced almost two centuries 
apart and separated even further in 
function, are linked by threads of poli- 
tics, geography, even geology. 

In our rown of Boon ton we can fol- 
low rhe threads back to the American 
Revolution when the icon in its soil 
provided the main source of cannon 
balls for Washington's Army. More 
than once, while posted at Morristown, 
abour ten miles distant, Washington 
visited the works to inspect the pro- 
cesses on army contracts. One of the 
roads the Revo lu rio oar y Army traveled 
between Morristown and Pompcon 
Plains was through old "BoonctowrT 
and legend records that the town was 
included among rhe many places where 
Our indefatigable first president spent a 
night (at the home of a Colonel Ogden, 
who reputedly gave "Boone town' its 
name in honor of Thomas Boone, 
Governor of New Jersey, in 1760) 

Colonel Ogden ar this time was the 
owner of rhe great metal slitting mills 
at Boonetown ( now lying 60 feet under 
the Jersey City Reservoir at nearby Par- 
sippany — see photo) and one of the 
Revolutionary Army's prime sources of 
military supplies. He ran considerable 
risk before the war in rhe operation of 
his iron works since it was unlawful co 
manufacture iron in the Colonies. He 
tried to conceal it by building a harm- 
less grist mill in front and over ir. How- 
ever* word reached the authorities and 
Governor William Franklin (a son of 
Benjamin) came to inquire into a re- 
port that Colonel Ogden was flouting 
His Majesty's authority. A stout partisan 
of the belief that "a bumper of good 
liquor will end a contest quicker than 
justice, judge, or vicar," Colonel Ogden 
wined and dined rhe governor ’til the 
inner man glowed and the discerning 
eye turned myopic. Governor Franklin's 
subsequent report bristled at rhe "slan- 
der" chat Colonel Ogden was making 
bootleg iron, and hailed him as one of 
your Majesties loyal subjeers". 

Prior to the Revolution, Boonron was 
a quiet spot of great natural beauty, 
nestling in an area of lakes, streams and 
forests. Lenni-Lenapcs or Delaware In- 
dians were the first known settlers in 



Figure 2. Sweep generator chassis , showing Jocalion of the variable re- 
sistors which control the CW and center sweep frequencies. 


7 






BOONTON RADIO CORPORATION 


THE NOTEBOOK 


this area which they called Paxsippanoog 
( <s where the brooks leap down the 
hills'"). 

The Indians were called by the 
Whites after the Indian name of the 
river by which they dwelt; hence the 
Wbippaoongs, the Pomptons, the Rock- 
awacks, the Parsippanoogs, the Miom- 
sioks and the Musconetcoogs — the 
suffix "ong” meaning water and the 
remainder of the word describing the 
exact kind of water. 

At or about 1700 the Indians sold 
their land which cook in the entire 
northwestern territory of New Jersey 
and migrated to Pennsylvania and Ohio. 
The purchasers were a group of White 
proprietors of West New Jersey, most 
prominent among whom was William 
Penn who acquired approximately 4,000 
acres in this area. They in turn broke 
the property into smaller areas and sold 
them to resolute settlers. 

During most of the 19th cencury 
Boonton’s progress depended almost 
solely on its Iron Industry whose for- 
tunes waxed and waned with the times 
until the 1870’s. 1a this period a double 
calamity broke the back of che Industry 
and prostrated the economy of the town 
— a national depression that coincided 
with the discovery of cheap surface ores. 
Many efforts were made to re- industrial- 
ize the area: silk works* hac company, 
soft goods industry, varnish factory, 
even a doll and toy company were estab- 
lished. None took solid root until a 
chemisr, Edwin Scribner, started a busi- 
ness in 1891 that was destined to bring 
prosperity to the town, lure technicians, 
engineers and factory workers here and 


make Booncon's name synonymous with 
progress in tire field of molded plastics, 
electronics and precision instruments 
the world over. 

The Boooron Rubber Company, as it 
was known, made the first commercially 



Cradle of the Iron Industry, on the 
site of the old Forge, where cannon 
balls were made for the Revolu- 
tionary Army ■ This site is now 60 
feet trnefer the waters of the Jersey 
City reservoir. 

molded parts of Bakelicc, which were 
sold ro the Weston Electrical Instru- 
ment Company; thus Boonton became 
the birthplace of molded plastics. To- 
day there are three firms in Boonton 
engaged in the molded plastics industry. 

The burgeoning radio industry in the 
early 1920's created a great demand for 
molded parts, presenting technical prob- 
lems whose solution gave birch to an 
important new industry. Ir was found 
chat the available molded marertaJ which 
could be used at dc and audio frequen- 
cies became too lossy at radio frequen- 


cies; so engineers were brought in to 
make and test new materials. These pio- 
neers of the radio art devised new elec- 
tronic devices to assist them in their 
work and, in so doing, they developed 
circuits and instruments which were an 
innovation to the art. And thus was 
born m the Boon too area a new elec- 
tronic instrument industry beginning 
with the founding in 1922 of the Radio 
Frequency Laboratories. Titer e followed 
in relatively rapid succession and keep- 
ing pace with the development of the 
radio industry, Aircraft Radio Corpora- 
tion, 1928; Ba Ha ntine Laboratories, 1932 
(established by Smart BaJlamine, a 
foremost authority in his field); Ferris 
Instrument Company, 1932; and in 
1934 William D. Loughlin, one of the 
original RFL staff, formed the Boonton 
Radio Corporation and concentrated on 
the development of measuring equip- 
ment which was in great demand by 
the radio industry. Measurements Cor- 
poration, the latest add ic ion to the grow- 
ing electronic family of this area, fol- 
lowed in 1 939 - 

Ear ly contributions of this group co 
the electronic art included amplifier cir- 
cuits, single-control broadcast receivers, 
auromaric volume control circuits, high 
sensitivity airborne receivers, throat 
microphones and broadcast station an- 
tenna systems. Later developments pro- 
duced amplitude modulation signal 
generators, vacuum rube voltmeters, "Q” 
meters, field strength meters, pulse gen- 
erators, sweep frequency signal gener- 
ators and many other instruments in- 
valuable to the electronic industry and 
the armed services. 
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Useful Concepts Of Frequency Modulation 

A non-mathematical discussion of the various ways in which a frequency modulated 
signal manifests itself and how its characteristics dictate the design of circuits. 


W, CULLEN MOORE, Engineerin g Manager 


Concept: A tnentttl image oj a thing 
formed by generalization from partic- 
ulars; also , an idea of what a thing in 
general should be. (Webster) 

A concept is a very personal affair, in- 
volving mental images which are sub- 
ject ro Infinite variety. The usefulness 
of a concept is also quite personal; ir 
may even fail to conform with known 
facts and srilt be useful. Indeed, a care- 
fully selected assortment of concepts is 
a powerful addition to the engineer's 
kit of tools. 

The apparent dual personality of fre- 
quency modulation is easily observed 
with common measuring instruments 
and therefore attracts attention. For ex- 
ample, a sweeping s ignal which pro- 
duces a smooth response in a frequency 
detector circuit may* under certain con- 
ditions, fail to excite a response at some 
sideband frequency. Also, the frequency 
deviation is not an inherent character- 
istic of the signal, bur sometimes de- 
pends on the passive circuits through 
which rhe signal is passed. 

Modulation 

Information is in general transmitted 
by changing, or modulating, some med- 
ium. In communications two aspects of 
the information are usually transmitted, 
the amplirude of the modulation signal 
and the frequency of the modulating sig- 
nal. In frequency modularion this infor- 
mation is conveyed by changing the fre- 
quency of an alternating voltage whose 
frequency lies well above the highest 
frequency we wish to transmit as in- 
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Figure T, The variation of voltage with ti/ne 
as a signal it deviated ±S0 kc about an 
average frequency of 160 let by a 10 kc modu- 
lating signal. 

formation. Amplitude data is carried as 
the extent of the carrier frequency 
change and frequency data as the race at 
which the carrier varies above and be- 
low its average frequency. 

fn amplitude modulation it is con- 
ventional to refer to a carrier and side- 
bands with the carrier having a single 
assigned frequency. In the case of fre- 
quency modulation, however, the term 



Figure 2. Increasing intensity of cycle- bundl- 
ing as o 160 kc carrier is Frequency moc/uJarted 
by a 10 lie modulating signal to deviations of 
25 kc, 50 k< and 75 kc. 


Carrier may be thought of literally as 
meaning the total energy used to carry 
the information, aod as consisting of the 
vector sum of the center frequency and 
all of the sidebands. We can of course 
speak of the average or center carrier 
frequency. It is also useful to consider 
the instantaneous carrier frequency at 
any moment. The frequency swing from 
the average carrier frequency is called 
the deviation. 

Figure 1 is an oscilloscope display of 
the manner in which the instantaneous 
voltage of a frequency modulated car- 
rier, having a center frequency of l60 
kc T varies with time when deviated ±:50 
kc by a 10 kc sine wave modulating 
signal. The frequency and time relation- 
ships are shown to illustrate the above 
terms. Figure 2 is an oscilloscope display 
of the manner in which the peak devia- 
tion conveys relative information about 
several different peak values of mod- 
ulating voltage. 

Sidebands 

One might introduce ihe side frequen- 
cies* or sidebands as they are more com- 
monly known* with the rather trite com- 
ment that if rhe peak amplitude or in- 
stantaneous frequency of the carrier 
change, something must have changed 
them. In fact, the change is proportional 
to the instantaneous voltage of the mod- 
ulating signal 

These characteristics are very much 
like a familiar concept in our daily ex- 
perience: inertia and force. To suggest 
that a carrier lias inertia may seem a bit 
far feched. However to change its ampli- 
tude or frequency, energy must be added 
in much the same way as we can change 
the course of a rolling ball only by add- 
ing an external force. This added energy, 
the right amount in the right places at 
rhe right time, we call rhe sideband 
energy. In rhe case of frequency modu- 
lation, it is a matter of re-distributing 
the original energy, rather than adding 
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energy as is the case in amplitude modu- 
lation. Figure 5 shows how the com- 
plexity of the sidebands increases with 
an Increase in the deviation of the car- 
rier frequency from its unmodulated 
value. 

Consider a uniformly rotating fly- 
wheel, representing the average fre- 
quency of the carrier, on which one 
spoke has been pa meed red and carries 
a direct current from rhe hub to the rim 
of the wheel. As the wheel rota res in a 
counter-clockwise direction, the current 
will induce a sinusoidal variation of vol- 
tage in a fixed conductor located along 
a diameter. A complete cycle of rhe 
alternating frequency will occur for each 
rotation of the wheel which will have 
in rhe process rotated through Irr 
radians; hence, our concept of angular 
frequency. 

If we wish to change or modulate 
this frequency* we must do something 
about the speed of the wheel Specifically, 
we must apply external accelerating or 
retarding forces, analogous to sidebands* 
which combine by vector addition with 
rhe original energy of rhe rotating wheel 
to taise or lower rhe output frequency. 
The amount and distribution of side- 
band energy will vary with borh the rate 
at which we alter its speed (the modu- 
lation frequency) and the amount by 
which we alter its speed (modulation 
amplitude) as shown in Figure 3 

About Rotating Sideband Vectors 

Our rotating wheel concept showed 
us that the frequency was directly re- 
lated to the speed of rotation of the 
wheel which can be described as rotat- 
ing so many degrees a second. There- 
fore, we obtain the concept of fre- 
quency modulation as being a form of 
angular, or phase, modulation in which 
frequency is defined as being the rate 
of change of phase. 

In order ro more readily observe 
changes in phase, or changes in speed 
of rotation (frequency), imagine thac 
we climb onro a second wheel rotating 
at rhe average speed. As the carrier fre- 
quency is increased its wheel will ap- 
pear to speed up counter-clockwise, and 
vice versa. This concept gives rise to a 
useful set of vector addition diagrams > 
shown in Figure 4, which are snapshots 
taken at the peak of the carrier voltage, 
distributed throughout the modulation 


cycle. 

The vertical line of unit length is the 
vector representing the voltage at the 
average frequency. A pair of sideband 
voltages is represented by two short 
vectors of equal magnitude, one rotat- 
ing faster than the carrier center fre- 
quency and the other an equal amount 
slower than the center frequency. We 
can determine rheir net effect by adding 
up the individual contributing voltages 
vector ially as shown by -the dotted Lines, 
caking first the resultant of the two side- 
bands and adding it to the carrier center 
frequency vector to obtain the final re- 
sultant voltage magnitude and relative 
phase angle. 

The upper portion of Figure 4a shows 



Figure 3. Relative sideband spectrum gener- 
ated by frequency modulating a 60 m< carrier 
with o JO kc modulating frequency to maxi- 
mum deviations of ±25 Ire, ±50 l<c and 
±75 Ire of trace about ±50 IrcJ. 


the phase of the rotating sideband vec- 
tors adjusted with respect to the carrier 
in such a way thar the phase for fre- 
quency) of the carrier remains constant 
wkh respect to the wheel on which we 
are riding but the peak amplitude of 
the individual cycles of the carrier varies 
in accordance with rhe instantaneous 
voltage of modulating frequency. This 
effect we call amplitude modulation. 

If we now pluck off rhe small cluster 
of rotating sidebands* rotate this cluster 
in phase by 90° and tack it back on to 
the original carrier center frequency, we 
gee a dramatically different result, shown 
in Figure 4b. Instead of a resultant vec- 
ror whose relative phase relationship re- 
mains fixed and whose amplitude varies* 
the relative phase of rhe resultant varies 
and its magnitude remains reasonably 
constant. If we now sketch out rhe peak 
magnitude of individual cycles in the re- 
sulting wave, we see that the end result 
is the same kind of alternate bunching 
of individual cycles as was displayed on 
the oscilloscope for an actual frequency- 


rood ul a ted wave having known char- 
acteristics as shown in Figure 1. 

It is interesting ro note that frequency- 
modulated transmitters have been based 
on both of the concepts discussed so far. 
A reactance tube shifts the resonant fre- 
quency of a tuned circuit in accordance 
with the modulating voltage thus pro- 
ducing directly the waveform demon- 
strated in Figure 1. Likewise a tyf>e of 
frequency -modulated transmitter actually 
operates by stripping the sidebands from 
an amplitude-modulated wave in a bal- 
anced modulator, rotating them 90° and 
adding them back on to rhe carrier cen- 
ter frequency in the manner shown in 
Figure. 4b. This process is known as ' in- 
direct ' frequency modulation. 1 

The two portions of Figure 4 indicate 
an interesting aspece of modulation. 
Amplitude variations are carried by side- 
bands in pairs whose vector resultant is 
in phase addition or cancellation with 
rhe average carrier vector. Small phase 
changes are carried by pairs of sidebands 
whpse resultant is at right angles, or in 
quadrature, with the average carrier vec- 
tor. The sioe and cosine lend themselves 
well co the mathematical description of 
this perpendicular relationship. 

The Constant Amplitude Problem 

Pure frequency modulation imposes 
an additional condition on those men- 
tioned above: the xros amplitude of the 
vector resultant voltage shall remain con- 
stant. This requirement demands a 
complicated assortment of sidebands of 
proper amplitude, frequency and phase. 
In Figure 4b only rhe first pair of side- 
bands was shown* and the vector re- 
sultant was seen to increase in magni- 
tude with increasing change in phase. 
This unwanted increase can be cor- 
rected by the addition of a second pair 
of sidebands rotated an additional 90° 
to caned our parr of rhe amplitude 
change. The next pair will be rorated 
still another 90° ro act as correction on 
the first phase shift pair. 

Figure 5 shows how successive pairs 
of sidebands come into play to produce 
a constanc-amplirude resultant peak car- 
rier voltage swinging back and forth 
about an average value of phase through- 
out a cycle of the modulating frequeocy. 

If through the use of too narrow a. 
frequency bandpass, some of the out- 
lying sideband components have been 
attenuated (or to look at ir another way, 
the vector resultant voltage has slid 
down on the skirts of rhe amplifier re- 
sponse curve at the exrremes of its ex- 
cursion) rhe resultant will not have con- 

scant amplitude and some of rhe original 
sideband energy (or information) wjJJ 
have been lose. The resultant carrier vol- 
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cage not only varies in amplitude but 
does not deviate in frequency in accord- 
ance with the original signal. This phe- 
nomenon occasionally is overlooked 
Deviation is not an inherently built-in 
characteristic of a frequency-modulated 
signal. 

While a Jimitcr cannot restore lost 
peak deviation information, it can restore 


almost constant amplitude by holding 
down the peak voltage at the center of 
rhe frequency excursion to a level equal 
to that at wide excursions. The limiting 
action introduces, in the form of dis- 
tortion, the missing sidebands in the 
proper phases and magnitudes required 
to restore the vector resultant voltage to 
a conscant value; and the following cir- 
cuits must have sufficient bandwidth to 
handle these sidebands up to the point 
of detection. In the case of an interfer- 
ing signal, the original phase informa- 
tion has nor been lost, but only the 
amplitude needs correction. 

The two most common methods for 
recovering rhe original information are 
the resonant coil discriminator in its 
various configurations which usually 
operates on a constant amplitude vol- 
tage and rhe so-called Linear detector, 
which can be made reasonably indepen- 
dent of signal amplitude and operates 
by counting rhe race of cycles without 
rhe use of resonant circuirs. Both re- 
spond only to the vector resulranr vol- 
tage which is rhe root mean square value 
of a LI of the individual voltages present 
at the input to che detector system at 
each instant. 

Disappearing Frequencies 

If one looks at an amplitude- modu- 


lated wave with a panoramic frequency 
analyzer and observes energy occurring 
only at the carrier frequency and at side- 
band frequencies spaced by the modu- 
lating frequency, one is perhaps nor too 
surprised. However, ir can be some- 
what surprising to find the same kind 
of answer for a frequency-modulated 
carrier which all ones intuition and 


many measurements demonstrate quite 
dearly sweeps continuously back and 
forth throughout die entire frequency 
range under observation. Since rhe fol- 
lowing exercise is both an interesting 
experience and a useful tool, may we 
suggest that the output of a sweep 
signal generator and the outpur of a fre- 
quency-modulated generator be simul- 
taneously added in a crystal diode cir- 
cuit whose output contains a RC filter 
and the result displayed on an oscil- 
loscope whose horizon ral trace is syn- 
chronized with che sweep signal gen- 
erator? 

Figure 6 is typical of the results ob- 
tained under various conditions of mod- 
ulation frequency and deviation. Two 
chings immediately srrike us; firsts that 


the energy occurs only at discreet posi- 
tions in our frequency spectrum which 
is dustered rather symmetrically about 
the center frequency; and secondly, that 
under some conditions of modulation 
even these signals, including the one 
which we are accustomed to associating 
with che average carrier frequency, dis- 
appear. We must hasten to point our 
that we are here dealing with what the 
mathematician chooses to call the fre- 
quency domain rather rhan the time 
domain previously used in our oscillo- 
scope display. We are in effect raking a 
cross section of frequency and display- 
ing the energy values averaged over a 
period of time. 

We have previously observed the 
physical existence of a vector resultant 
volcage whose instantaneous magnitude 
varies in approximately a sinusoidal 
fashion and whose separation between 
points of corresponding phase on adja- 
cent cydes (a measure of frequency) 
varies smoothly in accordance with the 
applied modular ing volrage. Figure 5 
shows graphically how, by the proper 
magnirude and phase configuration of 
these individual voltages or sidebands", 
the vector resultant may be caused to 
have any desired phase relationship at 
any given instant of time; and there- 
fore how it is possible to cause the vec- 
tor resultant voltage to sweep over any 
desired frequency range at any desired 
rate. 

Those Bessel Functions 

The 'tinoe average" aspect is the es- 
sence of either a physical or mathe- 
matical approach to the variation of 
sideband amplitudes. Specifically, the re- 
sults which wc observe by a physical 
measurement or obtain by a mathe- 
matical manipulation do nor say that rhe 
energy at any given frequency is miss- 
ing at ail times; but only chat its time 
average is zero. 

This effect can be analyzed by mathe- 
matics using as its poinr of departure 
either of rhe coocepts which we have 
discussed; a continuously-sweeping vec- 
tor resulranr voltage,, or an assortment 
of sidebands. Using the idea presented 



Figure 5. Generation of a Con£tant-Amp/Jfud& Rotating Vector by Addition of Successive Orthogonal 
Sideband Pairs. 



Figure 4. Amplitude Modulation of a Carrier by the first order Sidebands Compared yr>lh Phase 
(or frequency) Modulation of a Carrier Obtained by Rotating the Pair of Sideband $. 90° with Respect 
to the Initial Carrier Vector , with j3 = -5. 
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by Figure 1, che usual textbook approach 
sets up an equation involving sines, co- 
sines and phase angles which describes 
id mathematical symbols the way in 
which the instantaneous carrier voltage 
varies as a function of die carrier fte- 
quency, die modulating frequency, and 
the deviation. 

The time integration of this equa- 
cion to get average values leads to a 
never-ending scries of alternating sine 
and cosine terms whose coefficients are 
the magnitudes of the successive orders 
of sidebands, each advanced 90 6 from 
its predecessor The relative numerical 
values of these coefficients are most 
conveniently obtained by resort co a 
mathematical table known as “Bessel 
Functions", generated at considerable ef- 
fort from a similar equation. The graph 
of Figure 6 shows che values of some of 
the coefficients as a function of che 
modulation index , which is the ratio of 
the deviation ro the modulating fre- 
quency. We find that rhe mathematical 
formulation has indeed faithfully de- 
scribed the physically observed disap- 
pearance of various sideband compo- 
nents, designated as Jo, ju J-, J:i, at 
critical values of che modulation index'. 

Having found a satisfactory mathe- 
matical description for the wave-form 
and concept displayed in Figure 1, it 
should be equally possible ro derive a 

mathematical description of rhe con- 
cepr involved in Figures A and 5. This 
has been done by Harvey, Leifer &. 
Marchand', in which the authors use a 


mathematical technique which is the 
practical equivalent of adding up ad of 
rhe vector component contributions co 
the final voltage over a cycle of the 
modular ing frequency, such as might be 
achieved by a sufficiently large number 
of graphical solutions. We should not 
be surprised ro find the solution to their 
equation leading once again to Bessel 
Functions. 

Filters and Sweeping Frequencies 

So far all of our physical measure- 
ments and concepts have been inde- 
pendent of resonant circuits. However, 
one of the very interesting characteristics 
of frequency modulation is associated 
with the response of a resonant circuit 
to a swept frequency. Let us assume a 
reasonably high Q (narrow passband) 
resonant circuit lying to the side of the 
average carrier frequency in a region 
chrough which the carrier is sweeping. 
Once again there is more than one way 
ro look at the problem. 

The first approach applicable co low 
repetition rates satisfies our intuitive 
feeling that it takes time for energy to 
build up in a resonant circuit, and if the 
circuit is sharp or rhe signal sweeping 
by quickly, only partial response will 
result. In fact, the peak of the response 
will nor even coincide in resonance 
with the applied signal. 1 This is a 
serious difficulty in frequency marking 
circuits or in the use of fast sweeps on 
narrow-band amplifiers. Alrcrnarely, we 
might suggest that che highly selective 


circuit will not accept the high fre- 
quency components required to repro- 
duce che sharp leading edge of an im- 
pulse, of energy and therefore the cur- 
rent cannot rise quickly in the resonant 
circuit. 

At high modulating frequencies a more 
subtle interpretation of rhe response of 
a filter co a swept frequency involves 
the stored energy. J A filrer having a 
passband lying within che deviation 
range of a frequency-modulated signal 
has energy applied to ic only in shore 
bursts occurring at intervals determined 
by the modulating frequency and rhe 
maximum deviation. Unless the phase 
of rhe newly applied voltage has a com- 
ponent lying in phase with the current, 
no energy will be absorbed by the filter. 
Once again these relationships are time 
averages and apply at all frequencies, 
as well as ac rhe sideband frequencies 
and are the basis for part of the deriva- 
tion in rhe Harvey ■ Leif cr-March and pa- 
per previously cited'. 

If the resonant frequency of the filter 
corresponds to a frequency which we 
call a sideband frequency, then for most 
combinations of deviation and modula- 
tion frequency there will be an in-phase 
component of the applied voltage and 
power will be Transferred. The phase of 
the succeeding pulse of radio frequency 
energy with respect to the energy stored 
in the filter depends on how wide the 
carrier is being deviated and che race at 
which ic is deviating. For certain critical 
values the phase of the newly applied 
voltage will be in quadrature with the 
current circulating in the resonant cir- 
cuit and no power will be transferred. 
The fact that the energy accepted by 
a narrow band filter does occasionally 
go to zero at the frequency of the car- 
rier and the various orders of sidebands 
is a very useful tool.' It enables m, for 
example, to determine when the modu- 
lation index has reached a certain value 
as shown in Figure 6; and knowing the 
modulation, frequency, we can determine 
the deviation. 
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Use Of Smith Charts For Converting 
RX Meter Readings 
To VSWR And Reflection Coefficient 

ROBERT POIRIER, D evelop nient Eng i n eer 


In a previous Notebook arride, Fall 
1954, issue number page 7, k was 
mentioned thar impedance measure* 
menrs could be made at remote distances 
from the RX Merer along known lengths 
of 50 ohm co-ax. In this case the results 
obtained at rhe RX Meter must be trans- 
formed either by means of the Smith 
Chart or Transmission line equations — 
for the ideal case 

O) 

Z1 Cos /31 + jZo Sin 

Zi = Zo 

Zo Cos jfil -|- jZl Sin jGI 

where Zi — Impedance at jSl distance 
in radians from 
ZI = Load impedance 
and Zo = Characteristic impedance 
of the interconnecting 
transmission line. 

and for the general case, 

( 2 ) 

Zo Cosh yl + ZI Sinh yl 

Zi = Zo 

ZI Cosh yl + Zo Sinh yl 

where y = 

che complex propagation constant: 

(R + jo>L) (G + jcoC > 

For distributed resistance, R; induc- 
tance, L; conductance, G and capacity C; 
per unit length for the general case. 

It is the purpose of the presenr 
article ro illustrate the use of the Smith 
Chart solutions of the transmission line 
equations with a view to obtaining the 
values of reflection coefficient p and 
VSWR from RX meter readings. 

Preparation of Data 

The Smith Chart is usually a plot of 
impedance or admittance with the rec- 
tangular coordinates curved into circles 
and contained within a unit circle of 
which the polar coordinates are reflec- 

Vrefl. 

rion coefficient, p = - and 

V inc'd 

phase angle, £1 in the ideal case. The 
RX meter reads directly in terms of 

parallel rcsisrancc, R„. and either + 

capacity, Q equal to the capacity in the 
test circuit or — capacity equal to the 
capaciry required to resonate the in- 


ductance in the external circuit at the 
test frequency; neither value will plot 
directly onro the Smith Chares. To plot 
the RX Meter readings it is necessary 


1. Evaluate the parallel reactance 
l 

Xp = ( where the + sign 

toCp 


of C,* shall denote equivalent parallel 
capaciry and rhe — sign of Cp shall 
denote equivalent parallel indue- 



Figt//e T. Equivalent Circuit of Sample Moouue- 
ment. 


ranee.) 

2. Transform R, p and X p to either 
rectangular admittance coordinates; 

1000 

G = raillirahos and 

R P 


1000 


B — = lOOOcuCp mi Limb os, 

Xp 

or rectangular impedance coordinates; 

(5) 

R P X,, 3 


Rs = 


V + V 


(4) 


V Xp 

and Xs ~ 

+ V 


where Q and the — sign of Xp re- 
sults from the convention chat in- 
ducrive reaaaoce is considered posi- 
tive and capacitive reactance is con- 
sidered negative. 

3. Plot G and B or R* and X* di- 
rectly onto a Smith Chart having ap- 
propriate coordinates. 


For plotring on Smith Charts with 
normalised coordinates the following 
additional conversions ace indicated: 


Rs 

Resistance component — 

Zo 

jXs 

Reactance component = 

Zo 

G 

or. Conductance component ~ 

Yo 

jB 

Susceptance component — 

Yo 

where Zo and Yo may be any source 
impedance or admittance respectively. 
These conversions a_re likely to be found 
printed on the normalized Smith Charts. 


Figure 2. Impedance Circle Diagram of figure J k 

EXAMPLE : Consider a 270 ohm 
!>/>W carbon resistor measured on the 
RX Meter at a frequency of 225 mega- 
cycles per second, The RX Meter read- 
ings in a typical case could be R t , = 
250H, C, ( = +0>5 The only source 
of error to be considered in this case is 
the series inductance of the binding 
posts, and for a first approximation this 
may be neglected. The binding post in- 
ductance may be best accounted for as 
follows: Consider the equivalent circuit 
of the measurement and the impedance 
circle diagram in Figures 1 and 2 below. 
From the cirde diagram it is recognized 
that IU (True) = R s (Meas) so that 
R„ may be computed directly from (3) 
R, X 1( 3 

R* = 

V + V 

250 X 2.0 X I0 d 

= — =243H 

6.25 X 10' + 2.0 X 10° 

From (4) R/ X,, 

Xs (Meas) = — 

V + Xp* 
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— 6.25 X 10' X 1.41 X 10 s 

— _ — —42 .60 

6.25 X 10' + 2.0 X 10 11 

Also from the circle diagram (Fig. 2) 
it is seen that 

Xs (True) = Xs (Meas) — Xs (K) 
— — 42.6 — o>Lk = — 46.9fl. 

Now let us suppose that this consid- 
ered resistor is to be connected as a 
load for a 300fl signal source and it is 
desired to predict the reflection coef- 


ficient and/or VSWR on a 300fi trans- 
mission line connecting the source to 
the load. R s (True) and X* (True) 
Rs Xs 

may be normalised by and 

3oon joon 

respectively. The normalized resistance 
component, 0.81 and reactance com- 
ponent — j0.156 are plotted directly on 
a normalized Smith Chart (expanded 
scale) as shown in Fig. 3. The reflec- 
tion coefficient, p, that is the ratio of 
the voltage reflected to the voltage trans- 
mitted is equal to the length of the 
radius vector from the center of the 
Smith Chart to the plotted impedance. 
In this example p = 0.13. The reflec- 
tion coefficient in terms of power, 

PrefL /Vrefl.'f 

= — =0.017 

P inc'd \V inc'd/ 


Additionally, a return loss may be ex- 
pressed as: 

P inc'd 1 

10 log = 10 log = 17.7db 

P ref 1. .017 

and a transmission loss, expressing in 
db the incident power which is not 
absorbed by the load, may be written as: 
P ine d 

10 log 

P abs'd 


L 

= 10 log — 0.075 db 

I - — .017 

Modified Procedure For 
Transmission Line 

The foregoing definitions of reflec- 
tion coefficient are applicable whether 
a transmission line is involved or not. 
Now let us further suppose rhe Z 
(true) (normalized) .81 — j. 156 
was measured, ar one end of a transmis- 
sion Jine and that the other end of the 
transmission line was terminated in an 
unknown load to be determined. Let the 
transmission line be measured and found 
to be 0.3 wavelength long. VSWR on 

a transmission line is defined as the 
ratio of rhe maximum volrnge to the 
minimum voltage; viz, 


V inc'd -f p V inc'd 1 + p 

V inc'd — p Vioc'd 1 — p 

On a Smith Chart the reflection co- 
efficient for a given load is a radially 
scaled constant so even though the now 
unknown load is not represented by 
.81 — j 156 we can use p = 0.13 pre- 
viously obtained and find> 

1+0.13 

VSWR — = 1-3 

1 —0.13 

which in db js written, 

20 log VSWU = 2.28 db 
Except in the ideal case, however, this 
is an approximation which is very good 
for short (in terms of wavelength) low 
loss transmission lines. 

As previously stated rhe Smith Chare* 
provides a ready solution to the trans- 
mission line equations ( 1 ) and (2). In 
the ideal approximation the impedance 
at any point along a transmission line 
may be found by roraring the constant 
radius vector around the center of the 
Smith Chart the /31 distance between 
the known and the unknown in rhe di- 
rection indicated on the chart. For our 
example jSl = 0.3 wavelength; the im- 
pedance was represented by 0.81 
— j. 156 measured at what may be con- 
sidered the input end of the transmis- 
sion line. To find the impedance at the 
load end. the radius vector is rotated 0.3 
wavelength toward the load (counter 
clockwise direction) as shown in Fig 3- 
The true impedance at the load end of 
the line is read from rhe Smith Chart 
as 1.0 + jO.27 pet unir ohms. Since the 
reference unit in this case was 300fl, 
2 = 300 + j81. It is also of interest to 
note that in crossing the horizontal axis 
of the Smith Chart to the right of cen- 
ter, the radius vector denotes a pure re- 
sistance point of maximum impedance. 
It is also a point of maximum voltage 
and minimum current. Since. 

V max. — V inc'd ( 1 + p ) 

V rned 

and, 1 min. = ( J — p) 

Zo 

V max, 1 + p 

Z max. — = 7o 

I min. I — p 

Z max. 

= VSWR 

Zo 

That is ro say the per unit impedance 
denoted on the horizontal axis of the 
Smith Chart to the right of center is 
equal to VSWR, and we read from Fig, 
3, VSWR = 1.3 as obtained previously. 


Reference: P. H. Smith m Transmission 
Line Calculator* Electronics J art* 1939. 
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Frequency Calibration Of Q Meter Type 260-A 

SAMUEL WALTERS, Editor, The Notebook 


Two of rhe principal reasons for 
checking the frequency calibration of 
the 260-A are ( 1 ) replacement of the 
oscillator tube and (2) a desire to ob- 
tain more accurate inductance readings. 
The former involves an adjustment on 
only one frequency band since all bands 
are affecred in rhe same direction and 
approximately in the same degree. On 
the other hand, an inductance reading 
of greater accuracy than factory toler- 
ances may require a correction curve for 
more accurate use of the F dial’*'. 

Each of the eight frequency ranges 
has two calibration adjustments, a 
threaded magnetic core for the in- 
ductance of the runed circuit and an 
adjustable piston type trimmer con- 
denser for varying the capacitance of 
the tuned circuit. The former is used to 
establish frequency calibration at the 
low frequency end of the range and the 
latter to establish calibration at the high 
frequency end. The threaded magnetic 
care is adjusted ar the Factory and is 
then sealed in irs coil form with a high 
Q lacquer to prevent movement. This 
adjustment should not be disturbed. 

In addition ro the adjustments for 
each range there is a variable plate trim- 
mer condenser (C-129) for adjustmenr 
of the circuit minimum capacitance 
when the oscillator mbe Is replaced. Con- 
tinuous tuning of each range is han- 
dled by the two-section variable ca- 
pacitor whose sections have been pre- 


calibrared to follow a standard capaci- 
rance vs. .rotation curve. No further 
adjustments of the plates should be 
necessary or attempted without a dear 
knowledge of .the interdependence of all 
eight ranges. If adjustments are abso- 
lutely necessary, however, the outer rotor 
plates are slotted to provide minor cor- 
rections, For ranges 10-23 me and 23-50 
me, adjust the 13 place section; for 
ranges 300-700 kc, 700-1700 kc, 1.7-4. 2 
me and 4.2-10 me, adjust the 25 plate 
section; for ranges 50-120 kc and 120- 
300 kc, adjust both sections. In making 
these adjustments, care should be taken 
that rotor to stator plate spacings are not 
less than 0.015 inches. 

Oscillator Re-Calibration 
Following Tube Change 

As previously pointed out, re-calibra- 
tion is necessary on only one band fol- 
lowing a replacement of the oscillator 
tube, 

A 10 me crystal calibrator, such as the 
Ferris Calibrator, Model 33 A, is recom- 
mended. However, standard broadcast 
stations may be used satisfactorily in 
place of a crystal calibrator. 

To calibrate the oscillator proceed as 
follows ( see photo) : 

1. Remove the screws around the 
edge of rhe cop and front pane/s and the 
3 screws from the bottom of the instru- 
ment. The entire front panel and cop 


can now be gently lifted our of the 
cabinet. As noted in the Figure, the 
shaft of the plate tuning condenser, 
C-129, extends beyond the top oscillator 
shield walk The piston type trimmers 
can be easily reached through rhe access 
holes in the oscillator casing. 

2. Turn on the Q Merer and allow 
instrument to warm up for 30 minutes. 

2. Connect the rf input terminals of 
rhe crysral calibrator to rhe LO and 
GND terminals of the Q Meter. 

3- Adjust the calibrator to 10 me. 

4. Switch the frequency range to the 
4.2-10 me range. Set rhe Megacycle 
dial to exactly 10 me. 

5. Adjust the XQ controls for a read- 
ing of 1.0 on the Multiply Q By Meter. 

6. Carefully adjusc C-129 until a zero 
beat is heard m the calibrator headset. 

Standard broadcast stations in the 
neighborhood of 700 kc or 1500 kc 
can also be used in conjunction with a 
radio receiver to calibrate the oscillator. 
The upper ends of either the 300 - 700 
kc or 700 - 1700 kc ranges may be used 
to zero beac the Q Meter oscillator with 
the station carrier. 

Correction Curve 

Should it become necessary to read 
the dial with an accuracy greater than 
factory tolerance, a correction curve 
plotting dial reading error against dial 
reading can easily be made. Using a crys- 
tal calibrator similar to the Ferris Model 
33 -A one can re-calibrate any range 
through the use of rhe built in multi- 
vibrator circuit, which in the case of the 
Ferris calibrator is locked by the 100 kc 
oscillator. Fundamentals of 50, 25> 20, 
10 kc ace thus made available ro check 
the 50- 120 kc range. 

The general procedure outlined above 
should be followed. A pair of phones 
may be plugged into the output jack of 
the Calibrator so that beats between the 
Q Meter oscillator and the standard fre- 
quencies of rhe Calibrator can be heard. 

(c musr be remembered that the ac- 
curacy of the correction curve is a func- 
tion of the number of points checked, 
type of calibrator used and, of course, 
the skill of the operator. 

* Aitbonsh the C did! calibrnuon Ji alio important, 
iht F ail'll has a grtuibt influence on the overall 
tolerance, except at the low settings of she C dial, 
See Fall, 7 95 . 5 * itme No. 7 of The Notebook on 
'’Calibration of the Interna! Resonating Capacitor of 
the Q Meter, “ 



PISTON TRfMMCft ACCESS HOLE 

Rear of Q Meter Typo 260-A Showing Access HoJej of frequency Ad/us/ments. 
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EDITOR'S NOTE 

The- public sees the engineer as a 
gnome-like c tea cure , a sort of electronic 
sorcerer conjuring up electronic devices 
so complex chat even he is startled when 
r hey work. Oblivious to the surround- 
ing world, he plods daily from his labo- 
ratory cubicle to his home submerged 
in abstruse engineering problems ’til he 
reaches his front door where he makes 



an outward show of normalcy. With an 
effort that produces mental fatigue he 
greets his wife with a perfunctory peck 
and his kids with a dutiful pat on the 
head (mixing up their names if he hap- 
pens co have more than one), and enters 
the bosom of his family in a rrance-like 
stare from which he does not emerge 
‘til safely ensconced once again in his 
familiar world of electronics. His only 
"social activity," it is believed, is peri- 
odically attending meetings where tech- 
nical papers full of solemn nonsense 


are intoned by other engineers of mien 
as grave as his own. 

This of course is gross exaggeration. 
Worse, It is a myth and difficult to lay. 
Part of the difficulty can be attributed, 
we fear, co rhe engineers themselves. 
Too often rhe only view the public ob- 
tains of engineers or their work is in 
the photographs that appear in the 
newspapers from rime to time showing 
an engineer at art instrument replete 
with dials, meters, switches, etc. The 
caption might say: "John Smich, de- 

velopment engineer for rhe Whynor 
Company* demonstrating the operation 
of an electric pretzel bending ma- 
chine*" but this belies die attitude of the 
engineer who, far from appearing to 
demonstrate anything* sits frozen in 
solemn disbelief of the entire proceed- 
ing. This, of course, engenders in the 
viewer a feeling only of pity for the 
engineer and a morbid curiosity for the 
instrument which has apparently placed 
its inveator in a hypnotic state. 

The fact is however, despite such 
superficial appearances, the average 
engineer is a human being in the ac- 
cepted ( non -anthropological) sense of 
the word, e.g* a social being. He is a 
joiner. It is true he is usually a mem- 
ber of technical societies where "shop 
talk" is the rule. But that is also true 
of a horse breeding organization or any 
other homogeneous group with intel- 
lectual, economic or other interests in 
common 

For the benefit of that segment of the 
general public that may see this publi- 
cation as well as for that group of engi- 


neers whose self esteem may be under 
a doud because of the "queer bird" 
looks of the uninformed, we shall scan 
the professional and avocational inter- 
ests of the group here at BRC with the 
sure knowledge it is typical of the engi- 
neering field as a whole. 

Our president* Dr. Do wnsbrough is 
a member of the Board of Trustees of 
the Riverside Hospital here in Boon- 
con* N, J. in addition to his member- 
ship in the Scientific Apparatus Makers 
Association (SAMA) where he serves 
as a member of the Electronics Com- 
mittee. He and his family pursue the 
interesting hobby of Gliding, his wife 
holding the U. S. distance record for 
women, prank G. Marble, our vice- 
president, is active in the Little League, 
a baseball organization for the pre-teen 
agers. He also serves as Chairman of rhe 
Exhibirors Advisory Committee of the 
LRJE, W. Cullen Moore, our Engineering 
Manager* is the Scout Master in his 
home town as well as the Secretary of 
the New Jersey Chapter of the IRE. Our 
engineers, exclusive of their professional 
activities* have as motley a collection of 
hobbies and activities as one could find 
anywhere — amateur cartoonists, pho- 
tographers, cabinet-makers, sdence fic- 
tion devotees, asrrooomers, Civil Air 
Patrol activities, and a host of others. 

These multifarious interests are, we 
firmly believe* representative and char- 
acterize the engineering profession in 
general as well rounded and imagina- 
tive* ingredients essential to all creative 
vocations and healthy citizenship. 
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Applications 


OCT 29 1956 

of the Metal Film Gauge, Type 255-A 


DOUGLAS K. STEVENS, Sales Engineer 


Figure I. At/lhor Demons* raf ing Sample of Organic Film on Cross CusrSL 


Id a previous issue of the Notebook,* 
an article was devoted ro the Theoretical 
aspects considered in the design and 
development of an instrument for plat- 
ing and film thickness measurement. 
This article is intended to show how the 
Metal Film Gauge, Type 25 5 -A, is be- 
ing employed in the field* m research 
laboratories, on production lines, and as 
a tool for rbe quality control engineer. 

The instrument is useful in several 
different types of measurements* namely: 
( 1 ) the measurement of the thickness 
of a non magnetic plating such as silver, 
gold, cadmium, chromium, rhodium, etc., 
on a non-magoetic basis mecai such as 
copper, brass, aluminum, etc., (2) the 
measurement of the thickness of a con- 
ductive, non -magnetic material such as 
copper on an insulating basis material 
Such as glass, phenolic sheet material, 
ceramic, etc., (3) the measurement of 
rhe thickness of any insulating film such 
as an organic paint on a conductive, non- 
magnetic basis material such as alum- 
inum, magnesium, etc., (4) rhe sorting 
of materials by means of their electrical 
conductivities, (5) the sorting or match- 
ing of materials according to their mag- 
netic properties, (6) the determination 
of the degree, or effectiveness of rhe 
annealing process in metals, and finally, 
(7) rhe measurement of plating thick - 
ness of magnetic materials under certain 

"A- Pi ip, "Determination of Metal Film 
Thukneu” BRC Notebook, No. 9, Spring, 
1956. 
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conditions. Each of these types will be 
discussed separately in the paragraphs 
which follow along with a general dis- 
cussion of suitable "standards” for use 
with the instrument. For simplicity, each 
type will be considered as a flat, con- 
tinuous surface at least ou each side. 
Treatment of geometrical configurations 
other than flat surfaces will be covered 
later in rhis arricle. 

Measurements Of Ncm-Magnetic 
Combinations 

As an example of this type of plating 
measurement, let us consider a plating 
of cadmium on a basis materia) of cop- 
per which is to cover the thickness 
range of 0.00025" ro 0.002". First of all, 
since the MeraJ Film Gauge, Type 
255-A, is inherently a comparator, rhe 
use of a reference standard is always re- 


quired in order to make absolute thick- 
ness measurements. Such a standard is 
shown in Figure 2. 

This sample standard card Is designed 
to slip into a holding device on the 
front panel of the instrument and pro- 
vides rhe scale for the meter. In order to 
measure the thickness of cadmium plat- 
ing for this particular combination, we 
proceed as follows: Place the gauge 
head on the sample of basis metal (in 
rhis particular case, copper) and adjust 
die instrument ro zero reading on die 
meter by means of the "Set Basis” con- 
trol. When approaching zero it is well 
ro have the "Sec Staudard" control turned 
to its extreme clockwise position in or- 
der to establish a firm zero reading. Next, 
place the gauge head on the sample of 
cadmium pi a ring which is known to be 
0.00 14" and turn rhe "Set Standard" 
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control counterclockwise until the meter 
needle reads 1.4 mils. The instrument 
has now been calibrated and is ready /or 
use simply by placing the gauge bead on 
any piece of cadmium plated copper of 
the same basis materiaj and caking the 
plating thickness reading directly from 
the scale. Calibrated Standards, similar 
to rhat shown in Figure 2 are available 
as accessories for most nonmagnetic 
metal combinations. 

The manner in which a Calibrated 
Standard is established may be of inter- 
est, Let us assume that a Metal Film 
Gauge, Type 255-A js available and that 
we wish to measure silver plating on 
brass, which is a combination frequently 
found in such fields as waveguide, RF 
fittings, etc. Let us further assume that 
we are interested in absolute plating 
thickness measurements which range 
from 0.000 \* f or 0,1 mil to 0.00 or 
1 mil. First, we select a sample of the 
basis material (in this case, brass), 
place the gauge head on this sample and 
adjust the instrument to zero by the 
method previously described. This estab- 
lishes a point (die zero point) on a 
calibration curve. Next, we require 
three (3) different thicknesses of the 
plated material (let us assume 0.3 mil, 
0.5 mil, and 0.75 mils) which have been 
accurately measured by another method; 
chemical, optical, Or X-ray etc. Using a 
linear scale from 0- 100 for the meter, 
we place rhe gauge head on the 0.75 
roil sample and set the meter needle to 
an arbitrary reading approximately two- 
thirds full scale by means of rhe "Sec 
Standard'* control. Without any further 
adjustment of controls, we place the 
gauge bead on each of the two remain- 
ing samples and record rhe merer read- 
ing. Transfer the merer readings ro a 
piece of graph paper having plating 
thickness from zero to 1 mil marked off 
as the abscissa and the merer scale 
marked off from zero to 100 as the 
ordinate. We have now described a cali- 
bration curve having four (4) known 
points and a smoorh curve may now be 



Figure 2, Cadmium Plate an Copper Basis, 


drawn through the four points. All that 
remains is to mount the sample of basis 
material and the three plated samples on 
a standard blank card and inscribe a 
meter scale on the card fcrom data taken 
from die calibration curve. We can now 
measure silver placing on brass and ob- 
tain absolute readings from die meter 
scale. This is the method employed by 
BRC in establishing reference standards 
rhat are available as accessories. 

Measurement Of A Non-Conductive 
Film Or Coating On A 
Nan-Magnetic Basis Material 

In this general classification are such 
measurements as organic and other non- 
conductive paint coatings on basis ma- 
terials of aluminum, brass, magnesium, 
titanium, etc. In face, any insulating 
coating or film on a non-magnetic 


basis material can be measured easily 
and with good sensitivity with this in- 
strument. Again we must provide a 
reference standard for absolute meas- 
urements. It turns out chat a refer- 
ence standard may be rather easily 
established by using known thicknesses 
of mica sheets capable of resisting de- 
formation under the gauge head. Since 
rhe instrument cannot differentiate be- 
tween various kinds of insulating coat- 
ings, the mica serves as a general stand- 
ard. Our field experience indicates rhac 
die range of thickness measurements 
between approximately 0,1 mil ro sev- 
eral mils covers most cases. Figure 3 
shows a reference standard for non- 
conductive coatings on a basis material 
of brass and covers a range from zero 
to three mils. This standard was estab- 
lished in the same manner as that ex- 
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Figure 3. Non-Conducfiua Film on flrers* Basis. 
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plained for silver on brass except that 
mica was used in place of known thick- 
nesses of non -conductive coatings. It 
turns our that only one reference stand- 
ard is required for many non -conductive 
coatings, fn Figure 3 the basis material 
is brass. However, this same standard 
with its inscribed meter scale is used for 
non-conductive coating on basis ma- 
terials of aluminum, magnesium, tita- 
nium, etc It is onJy necessary co place 
the gauge head on the basis material and 
adjust the instrument to zero when 
changing froro one basis material to 
another. 

Conductive Layer On An 

Insulating Basis Material 

In this category fall such combina- 
tions as copper flashing on a phenolic 
basis material, gold on quartz or glass, 
chrome on steatite, ere Here the gauge 
head is placed on the insulating material 
and the meter zeroed as before. A stand- 
ard is established with rhree known 
thicknesses of the conductive coating io 
the same manner as previously described. 
Limiting factors are very thin insulators 
coated on both sides and an extremely 
thin film of conductive coatiog which is 
under 1000 Angstrom units in thickness. 

Magnetic Materials 

Plating thickness on magnetic basis 
materials may be checked provided that 
the magnetic characteristics arc homo- 
geneous. This js a very broad term and 
js contingent upon many factors. The 
tesr for rhjs condition is very easily 
made with the Metal Film Gauge, how- 
ever. Simply place the gauge head on a 
sample of the magnetic material and 
adjust the meter to read zero. Now move 
the gauge head around on the sample 
(and orhec samples) to see if the zero 
point remains reasonably constant. If it 
does, placing thickness can be measured. 
If it does not remain constant, plating 
cannot be measured. Many of the bet- 
ter grades of steel, for example, exhibit 
this constant zero characteristic. Since 
the instrument is sensitive to changes 
in magnetic characteristics and changes 
in electrical conductivity, this feature 
leads naruraUy ro the next application. 

Sorting And Matching Of Materials 

In some applications it is important 
that materials exhibit the same electrical 
and magnetic properties. The Metal 
Film Gauge, Type 255-A is a valuable 
tool in checking electrical conductivity 
and matching materials according co 
their magnetic properties. No standard 
other than a sample of material known 



to exhibit the desired clwacrer is tics is 
required here since we are interested 
only in relative readings. For sorting 
according co electrical conductivity, the 
"Set Base' 4 control could be calibrated 
in conductivities in place of a linear 
scale from 0-100, and materials sorted 
accordingly. For marching magnetic 
properties it is only necessary ro place 
the gauge head on a sample of the ma- 
terial, establish an arbitrary reading on 
the meter and match materials accord- 
ing to rbe deviation from the arbitrary 
setting on the meter scale. It is also pos- 
sible to check the degree of annealing 
in such metals as steel, beryliurn, etc. 
Since the annealing process electrically 


softens" the material, an arbitrary 
meter reading can be established with 
the gauge head on a sample of untreated 
materia), and the deviation noted when 
the gauge head is placed on the annealed 
samples. 

Measuring Irregular Surfaces 

The gauge heads which are furnished 
with the instrument were designed for 
measurements on either flat or cylindri- 
cal surfaces with relatively large di- 
ameters, The instrument is not limited 
to this kind of surface area however, 
and other geometrical configurations 
may be handled provided there is at 
leasr of continuous surface area 

available. The problem is best handled 
by providing a jig or fixture for holding 
the probe itself (which can be removed 
from the gauge head) and, if necessary, 
a holding fixture for the pan to be 
measured. Figure A is a sketch of one 
possible way in which the jigging prob- 
lem may be handled. It is, of course, 
necessary to establish reference stand- 
ards which have rhe same geometrical 
pattern. 

Standards For Production Line Use 

When the Metal Film Gauge, Type 
255-A is used on a production line, the 
reference gauge standards usually take 
a form similar to that shown in Figure 
5, Here we are interested in a 1 Go-No- 
Go M type of test rather thao absolute 
measurements. In this case let us as- 
sume that we are concerned with meas- 
urements of a plating or Coating Thick- 
ness die acceptable limits of which have 
been specified as 0.6 to 1.2 mils. Two 
samples of the coated or plated' ma- 
terial — one representing a maximum 
thickness and the other a minimum 
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rhickness — are mounted on a sample 
card along with a sample of the basis 
marerial. The gauge head is placed on 
the basis material and the instrument 
adjusted to read "zero" on the meter 
scale by means of rhe "Set Base" control. 
The gauge head is now placed on the 
maximum thickness sample and an arbi- 
trary meter reading of approximately 
Yz full scale is established by means of 
the "Set Standard" control. This spor on 
the meter scale should be marked on the 
scale since it represents the upper limit 
— in this case 1.2 mils. Without any 
further adjustment of controls, place 
the gauge head on the minimum thick- 
ness sample and mark the spot where 
the needle falls on the meter scale. We 
have now established the two limit 
points, and this portion of rhe meter 
scale can be marked off in a suitable 
contrasting color. This type of measure- 
ment greatly simplifies making a gauge 
standard and provides the production 
line with a tool it can use rapidly with 
a minimum of indoctrination, 

Increasing The Sensitivity 

In the case of extremely thin films 
rhe apparent, or usable, sensitivity of 
rhe instrument is sometimes greatly re- 
duced. A technique has been developed 
which somewhat improves the condi- 
tion. As an example, consider the meas- 
urement of a chin layer of gold, silver, 
etc., on a basis material such as glass or 
ceramic. Under certain conditions it will 
be found rhat when the gauge head is 
adjusted to read zero on the sample of 
glass Or ceramic and is placed oo the 
gold or silver coating, the meter needle 
will move only a short distance away 
from its zero point even with the "Set 
Standard" control cuned ro its maximum 
clockwise position. This loss in apparent 
sensitivity limits our range of thickness 
measurements aod the readable ac- 
curacy because ol rhe small spread in 
meter movement. This condition can be 
improved by adjusting the gauge head 
to read zero on rhe coated sample in- 
stead of on the basis material. The in- 
strument will now read any deviation 
from this thickness as the gauge head is 
placed on other samples of the coated 
material. However, care must be ex- 
ercised in this technique. The instru- 
ment includes a rectifier which is de- 
signed to always read deviations in the 
same direction on the meter. Suppose 
we zero the meter on a coated sample 
which is known to be 0.02 mils in 
thickness. Further suppose that we next 
measure a coated sample which is 0,015 
mils in thickness. We will read a cer- 
tain deviation on the meter scale. Now, 


SILVER PLATE ZINC 



measure a sample which is 0.025 mils 
in thickness. The deviation read on the 
merer scale will be identical with that 
read On the 0.015 mil sample. If one is 
aware of rhis source of error rhe tech- 
nique is very useful since it has the 
effect of “spreading out" the readings 
on the scale. Therefore, when the zero 
point is established on a plated sample, 
care must be taken rhat all subsequent 
measurements are made on samples 
wbicb are all thinner in plating or all 
thicker in plating in order rhat an 
amgibuity is not introduced. 

Multi-Layer Measurements 

In instances where there is more than 
one layer of plating material, there are 
several ways in which the desired thick- 
ness measurements can be made. Some- 
times a “flashing" of rhodium or silver 
is plated on a basis material before the 
final coating is applied. Figure 6 repre- 
sents such a case. Here rhe basis metal 
is brass with a "flashing" of zinc ond 
a plating of silver. If it is desired to 
measure the thickness of the flashing 
rhis must be accomplished in the usual 
manner before the silver plating is ap- 
plied. If the zinc coating is reasonably 
constant and it is desired to measure 
only the silver plating the gauge head 
may be placed on rhe brass and the 
meter adjusted to zero. The gauge head 
may then be placed on the silver plated 
sample and the instrument will then 
measure the combined thickness of borh 
the zinc and rhe silver. Subtracting the 
constanr thickness of zinc yields the 
thickness of silver plating. Any error 
introduced by this method will ordi- 
narily be small since the ratio of silver 
plaring to the zinc "flashing” is ordi- 
narily large. However, this error may be 
eliminated completely by zeroing the 


gauge head on rhe zinc instead of on 
the brass. This has the effect of “wash- 
ing out" any discrepancies in the zinc 
"flashing". All multi-layer platings may 
be handled by this general approach. 

Selection Of Proper Gauge Head 

The foregoing discussion applies to 
either of the two gauge heads which 
are furnished with the Meta) Film 
Gauge, Type 2 55- A. One of the gauge 
heads operates at a frequency of 500 kc 
while the other operates at 8 me. These 
are coded red and white respectively. 
The gauge head to be used should be 
chosen according to the thickness of the 
coating and composition of the film- 
basis combination to be measured. In 
general, a thin coating requires use of 
the white, or 8 me, gauge head. Coat- 
ings of lower conductivity also require 
rhe white gauge head while those of 
higher conductivity with comparable 
thickness and having rhe same basis 
material require the use of the red, or 
500 kc, gauge head. 

Summary 

The Metal Film Gauge, Type 255-A 
provides a fast, accurate, and non- 
destructive method for the measurement 
of placing thickness of non -magnetic 
material combinations. Of particular in- 
terest is its ability ro measure die thick- 
ness of non -conductive films in the pro- 
tective coaring field. Ocher applications 
include rhe sotting of materials accord- 
ing co their electrical conductivities, the 
matching of magnetic properties, and 
the effect of che annealing process oo 
metals. 
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A VHF FM-AM Signal Generator System 

JAMES Et WACHTER, Project Engineer 


The 202-E FM-AM Signal Generator, 
covering the frequency range of 54 to 
216 me, incorporates many of the feat- 
ures most desired in a VHF signal gen- 
erator; some of the more prominent of 
these being the high degree of stability 
of the r-f carrier frequency, the constant 
frequency deviation sensitivity with re- 
spect to the carrier frequency, the ability 
to deviate die carrier either plus or 
minus by known increments, and the 
continuously variable, calibrated output 
arrenuaror system. 

How these features are realized is 
most easily explained by a discussion, in 
short* of how the instrument is con- 
structed and of how it functions. 

General Features 

Outwardly the instrument is com- 
posed of two units, the signal generator 
proper and its power supply, shown 
(with accessory 207-E Univerrer) in 
figure 1. The design of the cabinets is 
such rhac the instrument may be used 
as conventional bench equipment or 
by simply removing the cabinet end- 
bells, it may be mounted in a standard 
19 inch rack as shown. All operating 
controls and indicators are functionally 
located on rhe front panels and those 
which are calibrated are direct reading. 

The heart of the 202-E Signal Gen- 
erator is, of course, the RF Assembly, 
shown less shielding in figure 2, The 
rugged construction of the supporting 
frame and the close mechanical toler- 
ances applied to the four section variable 
capacitor are in part responsible for 
the high degree of stability of the r-f 
frequency. 

Functional Description 

Referring to rhe simplified schematic 
diagram of the RE assembly, figure 3, 
the functions of rhe various circuits is 
more readily understood. For PM, an 
audio voltage is applied directly to the 
grid of rhe reactance tube. The react- 
ance modulator operates as a control- 
lable inductance in parallel with the 
tuned circuit of the r-f oscillator and 
provides from 0 to ^c240 kc deviation 
of the generator oueput frequency. The 
deviation is monitored by the front 
panel modulation meter. To produce 
constant frequency deviation sensitivity 



20 06 PAO UNCVERTER OUTPUT CABLE PATCH CORO 

Figure J. RF Signal Generator, Typo 202-E 

with Accessary Univerter, type 207-E. 

over the cuoing range of the oscillator, 
the amount of inductance injected by 
the reactance tube is made to vary di- 
rectly as the oscillator frequency. This 
is accomplished by the phase-shifter 
network composed of Rl, R2, Cl and 
the reactance tube grid to cathode ca- 
pacitance and grid to place capacitance. 
The attenuation of this network in- 
creases as the oscillator frequency in- 
creases causing the degree of modulation 



Figaro RF Assembly, Showing Supporting 
Frame and Slatted Rater at Deviation Capacitor. 


effected by the reactance tube to de- 
crease with frequency so as to maintain 
constant deviation. To account for vari- 
ations in components and to provide a 
precise deviation calibration, Cl is 
ganged to the oscillator tuning capaci- 
tor and is adjusted over che entire tun- 
ing range for the desired constancy of 
deviation. 

The deviation sensitivity of the FM 
modulation system, as a function of fre- 
quency, is flat to within =t l db from 
30 cps to 200 kc. and the overall FM 
distortion at 75 kc deviation is less 
than 2%. 

D-C signals from a battery source 
(for maximum stability) may also be 
applied to che grid of the reactance 
tube to shift its operating point and 
thus shift rhe oscillator frequency by 
discrete amounts, either plus or minus. 
Control is effected by operation of a 
front panel switch and associated pre- 
cision resistors. By this method che ouc- 
puc carrier frequency may be shifted in 
steps of ±5, 10, 15, 20, 25, 30, 50 and 
60 kc on the 108-216 me range and half 
of these values on the 54-108 me range. 
The relarive accuracy of the steps is 
±1.5%- Because of the low current 
drain, che life of rhe battery is equiva- 
lent to its normal "shelf life". An un- 
calibrated fine tuning control, operat- 
ing in conjunction with this incremental 
tuning circuit permits continuous tuning 
over a range of about 20 kc on the high 
frequency range and 10 kc oo the low 
frequency range. 

The r-f oscillator is a conventional 
tuned place mode oscillator circuit 
covering the frequency range of 27 to 
54 me. The circuit is properly com- 
pensated for minimum drift and is 
tuned by variable capacitor C2, which 
is adjusted for an ourpur frequency ac- 
curacy of ± 1 

The oscillator output is applied to a 
seif-biased class C frequency doubler, 
which makes possible the low oscillator 
frequency range and also provides the 
required isolation between die oscil- 
lator and the output srage necessary for 
the desired frequency stability of 0.01% 
per hour. 

The output stage operates class C and 
functions as an amplifier for the low 
frequency range of 54 to 108 me, and 
as a frequency doubler for the high 
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frequency range of 108 to 216 me This 
change in operation is accomplished by 
operating the fronc panel range switch, 
which grounds either of two taps on the 
output tank coil. In one position the in- 
ductance of the coil is such that the 
tank circuit 15 resonant at the funda- 
mental frequency of the previous stage 
and in the other position the inductance 
is such that the tank is resonanr at the 
second harmonic of the frequency of 
rhe previous stage. Damping of the out- 
put tank circuit is sufficient to reduce 
spurious signals to more than 30 db 


microseconds, aod the decay time is less 
chan 8 microseconds, 

A piston type, murual inductance at- 
tenuator having an internal impedance 
of 50 ohms, is coupled to the output 
tank circuit ro provide continuously 
adjusrable attenuation. Because the rate 
of arrenuation is a function of rhe inner 
diameter of the attenuator tube, this 
attenuator can be made co be quice ac- 
curate. With the SO ohm terminated 
cable, type 501-B, (supplied with the 
instrument) attached to the 202 -E out- 
put jack, the attenuator dial indicates, 


ternal audio osciUaror provides die fol- 
lowing frequencies co an accuracy of 
±5%: 50, 100, 400 cps, 1, 5, 7.5 and 
10 kc. In addition, a 60 kc signal ac- 
curate to ±2% is available specifically 
for use in calibrating rhe d-c incre- 
mental frequency circuit. 

All electrical connections to rhe 
shielded RF Assembly, excepting that 
to the output attenuator, are made 
through a low- pass filter, which pre- 
vents srray r-f currents from escaping 
from the RF Assembly. 

The voltages supplied fjom the power 
supply are all d-c and those for use in 
rhe RF assembly are regulated. The 
power supply operates from 105-125 
voles, 50-60 cps. 

Frequency Converting Accessory 

The 207-E Univerter is a unity gaio 
frequency converter designed co pro- 
vide frequency coverage below the range 
of the 202-E Signal Generator. When 
used in conjunction with the 202-E, 
the Univerter covers rhe range of 0T 
ro 55 me; and the two instruments give 
complete coverage from 0.1 co 216 me. 

The 207-E matches the 202-E io ap- 
pearance (figure 1) and may also be 
used either as bend) cype equipment or 
rack mounted. All controls and input 
and output connectors are located on 
che front panel 



Figure 202-E Simplified Schematic Diagram. 


below the desired signal and ro restrict, 
to about 2%, the amplitude modulation 
present at 75 kc deviation. 

Up to 50% amplitude modulation is 
possible by modulating the screen cir- 
cuit of this final r-f stage and is moni- 
tored by the front panel modulation 
meter. The modulating power required 
for this being comparable to char needed 
for frequency modulation, the same R-C 
audio oscillator is used for both types 
of modulation. The distorrion of a 50% 
AM modulated signal is less than 8% 
and due to the buffer action of the 
doubler stage, the spurious frequency 
modulation is held to a minimum. The 
amplitude modulation system is flat to 
within chi db from 30 cps to 200 kc. 

Pulse Modulation 

Square wave or pulse modulation of 
the 202-E is also possible by connecting 
an external modulation source through 
che front panel jack to che screen of 
the final stage. When this connection is 
made, rhe modulation meter and screen 
circuits are disconnected. Under these 
conditions the rise time of the mod- 
ulated carrier envelope is less rhan 0.25 


to an accuracy of about dz 10%> the 
voltage at the cable termination, (The 
generator open circuit Output voltage 
is given by twice rhe attenuator dial 
reading). The attenuator dial is cali- 
brated with two equivalent scales, 0.1 
to 2000 microvolts and 140 to 14 db 
below 1 volt. 

Simultaneous FM and 
AM Modulation 

Simultaneous FM and AM modula- 
tion may be obtained from the 202-E 
by using an externally connected, low 
distortion, audio oscillator to provide 
rhe FM modulating signal aod the in- 
ternal audio oscillator for the AM mod- 
ulating signal. The only requirement is 
that che external oscillator be capable 
of providing about 5 volts across 1500 
ohms, che FM requisite for 240 kc de- 
viation. In use the external oscillator 
is connected to the front panel FM 
binding posts and the 202-E modulation 
selector set co AM; the modulation 
merer can be switched from AM to FM 
and the levels of each cype of modula- 
tion independently set. 

It might be noted here that rhe in- 


To use the 207-E it is only neces- 
sary to connect the 501-B output cable 
to the Univerter unity gain output and 
connect the Univerter input to the 
202-E Signal Generator output, using 
the 502-B patch cord supplied with the 
Univerter. Connected in this manner 
the 207-E Univerter does not appreci- 
ably alter the FM and AM character- 



Flgure 4. 207-E Block Diagram , 


istics of the 202-E Signal Generator. 

A 20 db attenuation pad, Type 509-B, 
is supplied with the Univerter for use 
where the signal level required is low 
compared to che constant noise level of 
rhe Univerter. Used at die output of die 
207-E, the pad attenuates borh signal 
level and constant noise level, thus per- 
mitting the use of a higher input signal 
and improving rhe signal to noise ratio. 
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Lubrication Of Turret And Switch Contacts 


LAWRENCE O. COOK, Quality Control Engineer 


When frequency ranges must be 
changed, as in an RF oscillator, a means 
of switchring the circuits is needed. This 
is usually accomplished by means of 
movable metallic contacts. Such contacts 
normally introduce an element of unre- 
liability, i,e., contact resistance uncer- 
tainry results in fluctuating oscillator 
voltage, and sometimes fluctuating fre- 
quency, which, in turn, resulrs in un- 
stable merer readings. These effects can 
usually be minimized by the use of a 
lubricant on the contact surfaces. 

Contact Types and 
Service Conditions 

In this article we wish to discuss the 
effects of various lubricants on electrical 
measuring instrument, low - power rf 
oscillacor contacts of the wiping type. 
A turret containing coils connected to 
brass pin co nr acts for the individual 
frequency ranges is rotated until the 
contacts for the range to be selected 
engage stationary clip contacts of beryl- 
lium copper. The dip tips wipe or rub 
opposite sides of the ptn during the 
additional slight rotation of rhe turret 
required to reach the indexed position. 
The contacts then remain stationary 
during use until another frequency range 
is selected, i.e., for a period ranging 
from a fraction of a minute to one week 
or longer. 

The circuit resistance in the instru- 
ment stability may be as low as 0.3 
ohm, hence the coo tact res i sea nee sta- 
bility becomes important. 

Contact resistance stability may 
worsen when the instrument reaches an 
age of about one year. Improvement of 
a temporary nature may sometimes be 
effected by repeated operation of the 
faulty range switch (this "wipes'' the 
contacts) . 

Test Method 

For test purposes, two turret contact 
pins were connected together and meshed 
with two stationary contact dips, The 
clips were connected by short wire leads 
to a Wheatstone Bridge to allow meas- 
urement of rhe dc resistance of rhe re- 
sulting "short-circuit" (designated as a 
"pair” in the Figures \ and 2). Re- 
meshing and re -measurement were re- 
peated several times, the extremes of rhe 
resistance values being plotted. Four con- 
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cact pairs were tested on each assembly. 

To determine the effect of lubricants, 
rhe contact resistance measurements were 
made first on dry contacts. The coniacrs 
were then lubricated and re-measured 
Following a prolonged period of in- 
active storage, the measurements were 
repeated. 

Test Results 

Giving preference to the lubricants 
showing consistently Lower contact re- 
sistance we have summarized the test 
results on the five mareriais as follows. 


CONTACT 

elesistancd 

PREFERENCE LUBRICANT 


1st Lubriplate 105 

Strona HT- 1 
2nd Vaseline 

3rd Lanolin* 

Davenoil 


Lubriplate 105 and Strona HT-1 are 
considered equal on the basis of con- 
tact resistance and borh are manu- 
faenued for lubricant use. Strona HT-1 
showed a slight disadvantage of "stringi- 
ness" during application. Vaseline 
showed somewhat higher con ran resis- 
tance and is not manufactured for use 
as a lubricant. 

As a result of these rests made on a 
particular type of contact, our choice 
favors Lubriplate 105 and Strona HT-1, 
these materials tieing for first place. 


“Anhydrous lanolin dissolved in carbon 
tetrachfaride for ease of application. 


EDITOR'S NOTE 

The prevalent attitude towards in- 
struction manuals may be neatly wrapped 
up in the cynical saw, "If all other meth- 
ods fail, recourse to an instruction 
manual may be mandatory." Entirely 
justified viewpoint in our opinion, for 
this reason: the role and character of 
die instrument the manual is supposed 
to describe is seldom self-consciously 
considered in the preparation of the 
manual In many cases rhe instrument 
in question is a piece of rest equip- 
ment of which the engineer may have a 
dozen or more types. He simply hasn’t 
the time to digest the information in 
the form in which it is presented. This 
is the decisive fact that should determine 
rhe kind of material, ics quantity and 
arrangement, and the general format of 
the manual. 

Judging by the tome-like and over- 
blown appearance of many manuals, one 
can make better use of them as equip- 
ment props, (in many cases their only 
useful function). With such manuals, 
engineers usually wait for the moment 
just before the instrument is about co 
disappear in a cloud of smoke. In other 
cases the manual is resorted to only af- 
ter the instrument has been completely 
disassembled and lays strewn about in 
impossible confusion. 

Organization of the Material 

With the specific function of the in- 
strument held firmly in mind, the pre- 
paration of the manual can be ap- 
proached in a more confident manner, 
In general a manual of instruction for a 


piece of rest equipmenr (which is simply 
an electronic tool) should be prepared 
along rhese general guide lines: 

Instruction Manual should be divided 
into two main sections. Section one (in 
our estimation the more important of 
the two) should be as compact and ab- 
breviated as possible and subdivided in- 
to four general categories: ( 1 ) Essential 
operating information, (2) Special ap- 
plications, (3) Tabulation and location 



of components most likely to need at- 
tention, (4) Annotations copiously 
sprinkled throughout iexr with specific 
references to material found in the sec- 
ond half of the manual where a full and 
conventional treatment of the instru- 
ment is given. 

Such an approach separates the im- 
mediate, pracricaJ knowledge from the 
generally useful bur otherwise frustrat- 
ing information. This will be greatly 
appreciated by an engineer who, for ex- 
ample, wants to find the location of a 
blown fuse in a hurry bur must waste- 
precious time wallowing through pages 
of extraneous material to find it. 
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Techniques of Signal Generator Inspection 
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fig ure T. AcJ/usFmen! of Basic Voltage Standardization Equipment by the Author. Normalized 
Atmospheric Conditions (Temperature and Relative Humidity j for Improved Stability an Main- 
tained by AJr-eo/idi/romng Equipment in Background. 


A signal generator provides a test 
sign at of controllable frequency, voltage, 
and modulation and may be judged in 
terms of various characteristics, such as 
frequency stability, accuracy of fre- 
quency calibration, lack of spurious fre- 
quencies, lack of incidental amplitude 
modulation or incidental frequency 
modulation, low distortion, etc. The 
relative importance of rhe individual 
characteristics depends greatly, of course, 
on the specific application in which the 
generator is to be used. 

Table 1 lists various signal generator 
characteristics of interest. Some items 
are primarily a fundamental character- 
istic of the design and need not be 
tested oo an individual basis after the 
prototype run has been developed. Ex- 
amples of these are RF output frequency 
stability, RF output impedance, residual 
FM, and frequency response of the FM 
system. Such items need to be tested on 
only one instrument In many and fall 
logically within the scope of a Quality 
Control program. 

Other items require inspection on 
each unit, with corrective adjustments 
often being needed. Examples are RF 
output frequency accuracy, RF output 
voltage accuracy, modulation accuracy 
and harmonic distortion. These items 
are included, furthermore, in a Quality 
Control program calling for "spot 
checks”. 

We now propose to discuss some of 
the testing and calibrating procedures 
used in making certain that the desired 
characteristics are obtained in the gen- 
erators produced. These are procedures 
generally applicable to the types of 
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generators discussed aod, io most in- 
stances, are applicable ro each unit of a 
given type. Our aim is io produce units 
which will meet and maintain closer 
tolerances than those advertised. 

TABLE 1 

1. RF Output Frequency Characteristics; 
Range • Dial Calibration Accuracy 
• Accuracy, crystal standardised (in- 
ternal) • Stability • Crystal Con- 
trolled * Vernier Dial • Incremental 
Frequency Switch • Fine Tuning 
Control • Spurious Output Frequen- 
cies. 


2. RF Output Voltage Characteristics: 
Range a Accuracy • Impedance. 

3. Frequency Modulation Characteris- 
tics: Deviation Range • Accuracy 

• Distortion, harmonic • Frequency 
Response * Residual # Microphon- 
Ism • AM on FM, spurious. 

4. Amplitude Modulation Characteris- 
tics: Range * Accuracy • Distortion, 
harmonic * Frequency Response • 
Phase Shift • FM on AM, spurious 

• Pulse • Square Wave. 
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5. Internal Modulating Oscillator Char- 
acteristics: Frequencies available • 
Frequency accuracy • Voltage avail- 
able externally. 

6. Modulation Characteristics f miscel- 
laneous: External Modulation input, 
AM • External Modular ion Input, 
FM ft Simultaneous AM aad FM. 

7. Swept RF Characteristics ; Range of 
Sweep Widths • Linearity of Swept 
Frequency • Sweep Repetition Rate 
ft Fktaess of Swept RF Output Vol- 
tage Level, 

RF Range and Accuracy 

Frequency indicating dials, tuning 
coils, and tuning capacitors are usually 
fabricated to prescribed physical lay- 
outs and dimensions. When these uni- 
form components are installed the as- 
sembied instruments will lie '"within 
calibration range' 1 of rhe manufacturing 
adjustments provided. 

For calibration purposes the gener- 
ator output frequency is usually referred 
to a commercially available crystal type 
calibrator, accuracy rating ±0.002%. 
"Zero beats" are obtained at a sufficient 
number of generator dial points (usually 
6 or 8 per frequency range) to insure ac- 
curate calibration. (Individually marked 
dials muse, on the other hand, be cali- 
brated and marked at each division 
line.) 

In instances where the frequency in- 
terval between ‘'zero beat" points is very 
small in comparison co the frequency 
being checked, a "single response" type 
of frequency indicator must be use<l to 
determine that the correct "zero beat" 
point has been located. A simple fre- 
quency-calibrated tuned circuit and di- 
ode voltmeter (or "Megacycle Meter") 
which may be coupled to rhe generator 
output and resonated at any one of the 
"zero beat" points is usually satisfactory 
for this purpose. 

The crystal-type calibrator, with its 
accuracy raring of ±0.002%, offers ac- 
curacy entirely adequate for checking 
signal generators having published rat- 
ings of ±0.5% or ±0.1%. This type 
of calibrator may be checked against 


WWV if desired. 

Signal generators having crystal con- 
trolled output frequencies are checked 
for accuracy against specially built 
crystal calibrators which are adjusted 
against WWV. 

RF Output Voltage Range 
and Accuracy 

Lq instrument production assurance of 
the proper volrage range and accuracy 
usually involves a measurement of out- 
put voltage at a high voltage level, and 
assurance of attenuator linearity or dial 
tracking accuracy. 

Output voltage measuring equipment 
has an input impedance of 50 ohms, 
rhus providing a normal load and dupli- 
cating the input impedance of the ac- 
cessory 501-B Cable at the signal gen- 
erator panel connector. 

RF Output Calibration — Method 

1 ... A three stage process is involved 
in our standardization of RF output vol- 
tages (see Figure 2). 

a. Basic Standardization ( performed 
in a temperature-controlled and hu- 
midity-controlled room). The current 
from a DC supply is passed through 
a thermocouple ammeter and resistor 
series connected. The DC voltage 
developed across the resistor is meas- 
ured on a basic standard consisting of 
a Weston Model 4 Standard Cell ( an- 
sa rur a ted cadmium type) and Leeds 
and Northrup Type K-2 Potentio- 
meter. Over-all accuracy is 0.1%. 

b. DC to AF Transfer. Current from 
a low distortion AF oscillator is sub- 
stituted for DC and adjusted for rh t 
same thermocouple ammeter reading 
as with DC. The AF signal voltage 
now developed across the resisror and 
applied to the electronic voltmeter is 
equal in magnitude to the previous 
DC voltage (the electronic voltmeter 
loading is negligible). The AF vol- 
tage accuracy is 0.5%. 

c. RF Standardization. The specially- 
builc bolometer bridge responds 
equally to an internally generated low 
distortion AF voltage, or to RF 
voltage from the signal generator be- 
ing calibrated which is substituted 
for the former. The electronic volt- 
meter from (b) is used to standardize 
the AF voltage and, hence, to cali- 
brate rhe signal generator, usually at 
50 K/aV RF and at several output 
frequencies. The bolometer bridge in- 
put impedance is equal to the signal 
generator output impedance, 50 ohms. 

Accuracy of the RF voltage meas- 
urement, including reading errors, is 
normally 2% to 3%. 


TC 

AMMETER 


DC SUPPLY 




potentiometer resistor 
(a) basic standardization (DC) 


TC 

I AMMETER 


AF ™ 

OSC GL> 


v RESISTOR 

(e) DC TOAF TRANSFER 
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(c) BOLOMETER BRIDGE CALIBRATES 
RT SICNAL GENERATOR 

METHOD I 


ELECTRONIC 
VM xT 
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BRIDGE 



245-B RF VOLTAGE STANDARD JS COMPARED 
TO BOLOMETER BRIDGE; 245-B MAY THEN B£ 
USED TO CALIBRATE SIGNAL GENERATORS. 

METHOD IE 


Pigvra 2. Standardisation of 
RF Output Voltages. 


RF Output Calibration — Method 

2 . . . RF Voltage Standard Type 245-B 1 , -. 
This instrument may be used as a cali- 
brated voltmeter of approximately 50 
ohms input impedance, and provides a 
direct check on the accuracy of signal 
generator output voltages in the 50 
KjjlV region. 

Our calibration procedure starrs with 
the Standard Cell but differs somewhat 
in derail from that used for the bolo- 
meter bridge. The 24 5 -B input voltage 
accuracy rating is ± 10% for frequen- 
cies of 100 kc ro 300 me; however, the 
units we use for signal generator cali- 
bration are additionally calibrated by 
direct comparison to the standardized 
bolometer bridge (RF comparison as in 
Figure 2), thus attaining accuracy ap- 
proaching that of che bolometer bridge. 
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Figure 3, ftF Comparison of 345-0 RF Vcftoge 
Standard to Bolometer Bridge. 


Attenuator Linearity , . . The 

linearity, or dial tracking accuracy, of 
pisron (mutual coupling) attenuators is 
primarily a matter of mechanical design 
and control of mechanical tolerances. RJF 
leakage must also be held to low levels. 

Low-level attenuator output voltages, 
Le., in the one microvolt region, may 
be electrically measured by means of the 
RF Voltage Standard Type 245-B 1 , 2 
mentioned above. The 245-B accuracy, 
when used in accordance with the in- 
structions provided for this applica- 
tion, is: 

± 10 % 100 kc to 100 me 

±15% to 500 me 
±20% to 1000 me 



Figure 4. Measurement of FM Devi of ion one/ 
FM Distortion of Typo 202-E FM*AM Signal 
Generator by Use of FM tln&ar Detector and 
Associated Apparatus. 

Frequency Modulation Range, 
Accuracy, and Harmonic Distortion 

A single "setup" of test apparatus is 
arra nged ro measure these three inter- 
dependent characteristics. (Figure 4). 

The basic test apparatus is a specially 
built FM Linear Detector having ade- 
quate range of FM deviation and AF 
response. ThisDetecror (including builr- 
in heterodyne oscillator aod mixer for 
signal frequency conversion) connects 
to the modulated RF output of the sig- 
nal generator and delivers de-modujared 
output voltage faithful in amount and 
harmonic distortion to rhe amount of 
FM deviation and harmonic distortion 
present in the signal generator output. 


Associated apparatus consists of an 
electronic voltmeter and distortion 
analyzer for reading the Detector out- 
put voltage and harmonic distortion. 

For calibration of the Output voltage 
readings vs FM deviation the Detector 
input is connected to the output of a 
signal generator calibrated by the Bessel 
Zero method*. The calibration thus re- 
fies basically upon audio modulating fre- 
quencies which can be measured ac- 
curately (eg. by use of a frequency 
counter). An alternative calibration 
method employs the Weston Model 4 
Standard Cell, Leeds and Nonhrup Type 
K-2 Potentiometer, and crystal-stand- 
ardized signal frequencies. The Detec- 
tor employs an electronically regulated 
power supply and has excellent loog 
rerm stability. 

In production testing each generator 
is checked and adjusted (within the RF 
unit) at several output frequencies for 
the correct value of FM deviation. 
Adjustment for acceptable distortion is 
also made within the RF unit. 

Amplitude Modulation Range, 
Accuracy, and Harmonic Distortion 

For the measurement of the depth of 
amplitude modulation either of two 
methods may be employed. 

Method a. This is the familiar trape- 
zoidal pattern method. A frequency con- 
verter, providing conversion of the sig- 
nal generator outpur frequency ro a fre- 
quency suitable for ihe oscilloscope, and 
having a Linear input voltage vs outpur 
voltage relationship, is interposed be- 
tween the signal generator Output and 
the oscilloscope input. 

Method h t This method is particularly 
adaptable to generators having a modu- 
lation meter actuated by the modula- 
tion component of the RF carrier, in 
addition to the usual RF carrier moni- 
tor meter. 

The basic formula is 

141A V ftC 

% AM = 

where V ftC and V dc indicate re- 
spectively the AC voltage (RMS) 
and DC voltage components of the 
demodulated carrier voltage. 

For best accuracy a correction, usually 
of a minor nature, for the rectifier char- 
acteristic curvature should be deter- 
mined. 

Harmonic distortion is usually meas- 
ured by connecting a distortion analyzer 
to a suitable point in the RF monitor 
circuit and reading the distortion pres- 
ent in the AC portion of the demod- 
ulated carrier voltage. 


Microphonlsm 

FM microphonlsm can be very trouble- 
some when making rests involving small 
values of FM deviation. Bench vibra- 
tion may be conducted ro a signal gen- 
erator resting on the bench, or vibra- 
tions may be set up within the genera- 
tor by airborne sounds wirhin the room 
in which rhe generator is used. 

Within the generator a major item of 
susceptibility is the oscillator section of 
the main tuning capacitor. Vibrations 
transmitted to the plates or blades of 
this variable capacitor cause undesired 
FM of die signal generator output fre- 
quency, thus interfering with normal 
usage of the output signal. 

Analysis of this problem indicates 
that maximum cancellation of vibrarion- 
caused capacitance variations is obtained 
when the plate spacing is uniform 
throughout die capacitor. In practice 
visual inspection of plate spacing, a very 
important bur not self-sufficient opera- 
tion, is required to be followed by an 
electrical check of vibration- induced 
FM, additional adjustments of the plate 
spacing often being necessary. It is em- 
phasized that this adjustment is a spe- 
cialized technique requiring consider- 
able time and experience to acquire the 
necessary skill. 

Spurious AM on FM 

Io our types 202 -B, -C, -D, -E, and -F 
Signal Generators, which embody a 
frequency modulated oscillator fol- 
lowed by amplifying or frequency- 
doubling stages, the generation of unde- 
sired amplitude modulation when em- 
ploying frequency modulation is largely 
a problem of interstage tracking ac- 
curacy. For example, if the RF output 
stage ruoing is "out of track" as re- 
ferred to the oscillator frequency, the 
output stage will be operated (or 
"swung") over a sloping portion of its 
resonance curve and spurious amplitude 
modulation will be generated (see Fig- 
ure 5) 4 . 

Tunrne adjustments of the individual 
stages aru ^... 11 ; ^iade during die in- 

spection of each unit to obtain satis- 
factory interstage tracking accuracy. The 
rank circuit resonance curve is observed 
on an oscilloscope while the generator, 
operaring on FM, is rimed across its 
range. In chis manner spurious AM as 
a resuit of FM is kept to a low value, 
although direct checks of spurious AM 
are not rourinely made. 

RF Unit Adjustments 

The interlocking nature of various 
adjustments made within the RF uoit 
(i.e. by potentiometer adjustment or 
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bending of tuning capacitor plates) ap- 
pears to be worthy of mention. 

Examples, particularly applicable to 
FM Signal Generators, are: 


Adjustment For 

(a) FM Deviation 
calibration 

(b) Microphoniim 

(c) Interstage track- 
ing accuracy 

(d) Output fre- 
quency Cali b ra- 
don accuracy 


A f feels 

Output frequency Cali- 
b ration accuracy and 
interstate tracking 
accuracy. 

Spurious AM oo FM 

Interstage tracking 
accuracy (spurious 
AM on FM and 
maximum RF 
output voltage) 



figure 5. Showing Effect of RF Output Stage 
Tracking (at Referenced to OttiUater) on 
Spurious AM on FM. (Type 202-E Sig. Gen.; 
FM Dev. = 75 kc.) 


It is obvious that adjustment and 
cnrrecrion of a particular type of RF 
unit faille may easily introduce a differ- 
ent type of fault. This is not an indica- 
tion of technical inability on the part of 
the person performing the adjustments, 
but is the result of interaction of adjust- 
ments. 

We wish to hereby discourage user 
field service of RF units because the 
end result of such service may, through 
unfamiliaricy with the interactions in- 
volved, yield an instrument which is 
operating below peak performance. This 
would be to the user's disadvantage as 
well as ours. 


Tube Stability 

The stability of vacuum-tube char- 


acteristics plays an important part in 
the long-term stability of signal gen- 
erator operation. This is particularly 
true in respect ro che maintenance of 
adequate RF output voltage {RF moni- 
tor meter indication ) . 

For tubes operating in clas$-C RF 
output amplifier service we have found 
it necessary to adopt a rack aging pro- 
cedure employing a pulsed cathode cur- 
rent derived from a pulse generator. 
Pulse aged tubes are later installed in 
the instruments in which they are to be 
used, and operated before and after in- 
strument calibration, This procedure 
eliminates a varying percentage of tubes 
from class-C service but has been found 
to yield greatly improved reliability in 
the field. 

Swept Frequency Range 
and Linearity 

Sweep Signal Generators present 
problems peculiar to testing of che 
swept RF output signal. 

For measurement of the linearity of 
frequency deviation of the swept RF 
output signal vs the low frequency 
sweep output voltage, a calibrated oscil- 
loscope is needed. The calibration is 
obtained by connecting an adjustable 
calibrated voltage source to the oscil- 
loscope X-axis terminals* The X-axis 
deflection to right aod left of the scale 
window center, using the center as a 
reference point, is plotted vs the input 
voltage. For convenience marks, includ- 
ing rest Limits, may be placed on the 
scale window for equal voltage incre- 
ments* 

Such a calibrated oscilloscope is used 
in measuring the linearity of the swept 
RF output of ouf Type 2 40- A Sweep 
Signal Generator 5 , The type 2 40- A in- 
cludes a built-in crystaJ-conrroiled fre- 
quency identification system. A har- 
monics generator generates a fence of 
crystal-controlled reference frequencies 
with a choice of spacings: 2.5 roc, 0.5 
me, or 0.1 me. A sample of the swepr 
RF signal beats, in a mixer -amplifier 
system, with the reference fence, giv- 
ing "birdie " (zero beat type) markers 
at the same spacing as the reference 
fence. 

The X-axis terminals of the cali- 
brated oscilloscope are connected to the 
low frequency sweep output voltage 
terminals of che 240-A. The Y-axis 
terminals are connected to the output 
of che 240- A mixer-amplifier system 
(COMPOSITE SIGNAL OUT connec- 
tor). The locations of the birdie mark- 
ers now displayed on the screen are 
compared to the calibration marks or 
plot, thereby measuring the linearity of 


the swept RF (i.e. the frequency devia- 
tion) vs the Signal Generator low fre- 
quency sweep output voltage. 

The RF sweep width of the 240-A 
Signal Generator may be measured in 
the set-up just described, by using the 
reference fence of "birdie" markers of 
known frequency spacing. 

Amplitude Flatness of 
Swept RF Output Signal 

The amplitude flatness of the swept 
RF output voltage is measured by in- 
terposing a simple broad-band detector 
between the signal generator RF out- 
put connector and the Y-axis input 
terminals of a DC amplifier type oscil- 
loscope. When the oscilloscope X-axis 
terminals are connected to the signal 
generator low frequency sweep output 
voltage terminals the horizontal trace 
line now corresponding to the detector 
output voltage is an Indicator of the 
amplitude flatness of the swept RF vol- 
tage. If the rectangular pattern is now 
expanded vertically by increasing the 
oscilloscope Y-gain by a known amount, 
variations in the height of the detector 
output trace from the horizontal zero 
reference (blanked RF output) trace 
will be indicated more accurately. Cor- 
rection for detector non-linearity may 
be necessary. 


Summary 

A signal generator, in order that ic 
may be a useful resting tool, muse be 
calibrated initially to an adequate de- 
gree of accuracy, and must maintain 
adequate accuracy and necessary operat- 
ing characteristics over a long period 
of time. These important attributes re- 
quire sound design, careful fabrication, 
and careful and thorough testing pro- 
cedures. It is to this purpose that our 
testing and calibrating efforts are di- 
rected. 
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A Standard for Q and L 


The widespread use of the Q meter 
in industry and research has brought 
about the need for some simple and 
practical means of checking the overall 
performance and accuracy of this in- 
strument, Up to the present, tbe 103-A 
coil series has served this purpose in 
default of anything better* 

Today, after considerable research, 
BRC engineers have evolved 5 new 
coils, the Q-Standards Type 518-A. 
These coils are well shielded and have 
been designed to maintain highly stable 
inductance and Q characteristics. Devel- 
oped for use with Q Meter Type 260-A, 
the Q-Standards are useful nor only as 
a check on the overall performance of 
this instrument but can be used as ref- 
erence inductors for many impedance 
measurements. Similar in construction 
and performance to the 513-A, these 
Standards, in conjunction with the 
513-A, provide frequency coverage from 
50 kc to 50 me- the entire range of 
Q-Meter Type 260-A. 

Construction Details 

In exrernal appearance rhe coils are 
very similar to the inductors Type 
103-A which are available for use as 
accessory coils in a variety of Q merer 
measurements, This resemblance is only 
superficial, however, since highly spe- 
cialized design and manufacturing tech- 
niques are required to provide the high 
degree of electrical stability demanded 
of such units. 

The Q Standard unit consists of a 



Figure, I. Winding of Colt on StoalUo form. 


specially developed high-Q coil wound 
on a stable low- loss Steatite form and 
protected by a covering of low loss ma- 
terial ( Figure 1 ) . After winding, the 
coil is heated to remove any moisture 
present, coated with silicone varnish 
and baked (Figure 2). Desirable Q 
versus frequency characteristics are ob- 



figure 2. Varnishing and Baking ihb Coif Form. 


rained where necessary by a carbon 
film resistor shunted across the coiL 
The coil form is mounted on a copper 
base fitted to a cylindrical shield can. 
The unic is hermetically sealed, evac- 
uated and filled with an inert gas 
to a pressure of 1 p.s. i. above atmos- 
pheric pressure, (Figure 3T Coil leads 
are brought through the base CO banana 
plug connectors which can be replaced 
if necessary without breaking the seaL 
The high potential connector is slightly 
longer than the low potential connector 
and is insulated from the base by a 
ceramic seal which serves as a stop to 
insure accurately reproducible position- 
ing of the unit with respect to the 
Q-Meter cabinet. 

Electrical Characteristics 

The principal electrical characteristics 
of each Q-Standard are measured at the 
factory and scamped on the nameplate 
of rhe unit. Three secs of data are thus 
provided to cover the low, middle and 
upper frequency ranges of the 260-A 
Q-Meter. Each sec of data contains the 
following information: a check fre- 

quency and its associated values of 
resonating capacitance and indicated Q. 

Indicated Q is defined as the circuit 
Q of rhe inductor and Q meter combina- 


tion as read on an average Q meter. 
Any instrument whose readings vary 
from the nameplate values of indicated 
Q by more than ± 8% between 50 kc 
and 30 me, increasing to ±13% at 50 
me, is not operating in accordance with 
the original specifications. 

Resonating capacitance is defined as 
the reading on the internal resonating 
capacitor dials of an "average” Q merer 
at resonance for sti pula red frequencies 
which have been chedced against a crys- 
tal calibrator. The 3 values of resonat- 
ing capad ranee marked on the name- 
plate axe accurate to ± Vi % or ± 
whichever is greater. (Figure 4). 

Applications 

Accuracy of Indicated Q: The indicated 
Q values marked on the Q-Scandard 
provide a convenient check on the ac- 
curacy of the Q-indicating meter read- 
ings. To make such a check proceed 
as follows: 

Allow the Q-meter to warm up for 
one hour. Then plug the Q-Standard 
into the coil posts, making sure chat the 
knurled binding post nuts are tightened 
and the Q-Standard properly seated. 
Now zero, the meters and adjust the 
internal resonating capacitor to reso- 
nance at the three resonating frequen- 
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Figure 3. SeoJmg Operation of Q Standard.. 

cies marked on che nameplate. Adjust 
the XQ controls to obtain a reading of 
XI on the Multiply-Q-By meter at each 
frequency setting of the 2 60- A. The 
reading of the Q-lndtcatmg meter at 
each frequency should correspond to 
che indicated Q value marked on the 
Q-Scandard within the tolerance men- 
tioned above. For best results* the fre- 
quency of the Q meter should be set 
using a crystal frequency calibrator. 
Accuracy of Internal Resonating Capaci- 
tor Calibration: The coil may be used 
to check the accuracy of internal reso- 
nating capacitor dial readings, This is 
done in the following manner; 

Allow the Q-meter to warm up for 
one hour before mounting the Q-Stand- 
ard on che coil posts. Adjust for a 
Muhiply-Q-By reading of XI while 
adjusting the oscillator to the desired 
frequency (which has previously been 
checked againsr a crystal calibrator). 
Now mne die circuit to resonance by 


and i60-A. A knowledge of the coil's 
inductance axid distributed capacitance 
will be helpful in this application,* 
Distributed Capacitance (C<i): The 
value of distributed capacitance (the 
effective distributed capacitance of che 
coil assembly as measured in position 
on the Q-meter) for the Q-Standacd 
can be determined by the following 
formula. Any two of die three sets of 
data given on the nameplate of the coil 
may be used. 

Cs — n 2 Cl 



n 2 — 1 

Where 

Ci == internal resonating capaci- 
tance reading at the first 
frequency (M. 

C 2 ~ internal resonating capaci- 
tance reading at the sec- 
ond frequency ( f^ ) , where 
the first frequency is an 
integral multiple of sec- 
ond. 

n ^ ration of fi to f 2 


*For a full discussion of this subject 
see Boooton Radio Corporation's in- 
struction manuals on Radio Frequency 
Measurements* the Type 2 60- A Q- 
Mecer or Type 160-A Q-Meter. 

True Inductance (L): The true induct- 
ance of che coil may be determined by 



(C r + C d ) 



Figure A. Checking Calibration at Q and C. 


means of die internal resonating capacp- 
tor dials. Reading obtained should be 
che same value as indicated on the 
nameplate within the tolerances of the 
instrument and che coil. 

Use as a Work Coil: The Q-Scandard is 
useful as an exrremely stable work coil 
for accurate measurements by the paral- 
lel method with Q-Meters Type 260-A 


and Effective Inductance ( L e ): 

L 

u = 

1 - a> 2 L Cd 

The resonating capacitance for any point 
may now be determined by — 

1 

C r — Q 

a> 7 L 

Us® With G- Meter Type 160-A 

The low frequency and the high fre- 
quency performance of the Type 160-A 
Q-Meter (designed in 1938) is nor as 
good as che current Type 260-A Q- 
Meter to which the Q data on the coiJ 
directly applies. The following table 
shows che approximate multiplying fac- 
tor which must be applied to the Q data 
stamped on the nameplate of the 518-A, 
making it generally applicable to an 
average Type )60-A Q- Meter. 


CORRECTION TABLE 


Coil No. frequency Range 

518-AL 15 me- 45 me 

518-A2 5 me- 15 me 

518-A3 1.5 me - 4.5 me 

518-A4 150 kc - 450 kc 

518-A5 50 kc - 150 kc 


Approximate Resonating Capacitance 


400 {XJJif 100 fJL{jif 40 (JLjJLf 

0.86 0.96 1.15 

0.95 0.98 LOO 

LOO LOO LOO 

0.99 0.97 0.95 

0.97 0.90 0.83 


For additional information on these 
correction factors see "Q Meter Com- 
parison”, BRC Notebook* No. 2, Sum- 
mer, 1954. 


Service Note 

low-frequency adjustment 
of R X Mater, Type 250-A 

Occasionally, a situation develops 
where it is impossible to achieve bal- 
ance at the lower frequencies when 
using the R X Meter, Type 250-A. The 
following discusses the method by which 
chis condition may be corrected. 

All adjustments of the 250-A RX 
Merer bridge circuit are made at EULC 
before the R^ drum dial is calibrated, 
The actual calibration itself, entails the 
painstaking hand marking of every point 
along the effective 28 inches of the 
scale. 

However* since che nature of the in- 
strument is such rhar at frequencies 
above 100 MCS* che zero balance of the 
bridge is of necessity* very sensitive to 
minute variations in internal circuit 
capacitance; a screw driver trimmer 
adjustment, described on page 7 of the 
Summer 1954, Number 2 issue of the 
Notebook* is provided to compensate 
for any slight changes that may occur 
after the dial is engraved. 

This is the ooly adjustment of the 
bridge circuit that should be made in 
the field. 

About an inch and a half co the right 
and slightly to the rear of this trimmer 
is another screw driver adjustment* 
designated* C 109 oo the schematic* 
which can be seen when the top cover 
of the instrument is removed. (Figure 
l). The setting of this trimmer Is ex- 
tremely critical and upon it depends, to 
a great extent, borh the accuracy of the 
R n calibration and the proper balancing 
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of rhe bridge at all frequencies. Under 
no circumstances* therefore, should this 
trimmer be disturbed. 

In cases where users of the 2 50 have, 
nevertheless, turned this trimmer and 
ended \ip with a bridge which cannot 
be made to balance, especially ar low 
frequencies, the following procedure will 
in most cases restore the instrument to 
normal operation. 



figure J. location of Trimmer, Cl 09 (ar 
Adjustment Purposes. 


1. Set the frequency to .5 me and the 
R p dial to oo. 

2. Adjust die "detector tuning” knob 
in the normal manner for maxi- 
mum deflection of the meter. 

3. Position both the "R Coarse” and 
"R Fine” balance knobs so that 
the set screws are at ”10 o'clock”. 

4. Torn die "C” balance knob folly 
clockwise. 

5. Using the C,, crank knob and the 
trimmer C 109 meotioned above, 
balance the bridge. This should 
occur at zero or within 10 mmfds 
jn the silver portion of the C p 
dial. Foe the final balance, a slight 
adjustment of the "R Fine" bal- 
ance might be necessary. 

6. Using precision film resistors, 
check the accuracy of the R,, dial 
ar 10 k and at 200 ohms (Fre- 
quency still at 0.5 me). If the 200 
ohm resisror reads low, turn the 
"R Coarse” knob a lirtle more 
counter *cloclcwtse and repeat steps 
1, 2, 4, 5 and 6. If the 200 ohm 
resistor reads high, turn ”R Coarse” 
knob clockwise and repeat as be- 
fore. 

7. Replace cover and check for 
balance. 

8. Check for balance at 200 and 250 
mes as covered in the manual. 


A general increase in our prices was 
put into effect on December 1, 1956; 
the first such adjustment in many years. 
Tliis change was necessary because in- 
creased material costs and operating ex- 
penses could no longer be completely 
compensated by engineering and pro- 
duction ingenuity and increased volume. 
These factors had "held the line” for a 
remarkably long time; one instrument 
recently replaced by a new model, sold 
at the same price for almost ten years. 

The present necessity for a price 
change and the long period of stable 
prices in face of continuing increases in 
prices in the general economy, gave rise 
to some consideration of the price of 
an instrument. Just how does a com- 
pany establish such a price? Having 
established the price, how can it main- 
tain that price over sustained periods 
and still pay its expenses and make a 
profit? 

To produce an instrument, once a 
market is determined to exist and speci- 
fications have been established; engi- 
neering, development, and design must 
be undertaken to prepare models and in- 
formation from which manufacture can 
be undertaken. The market determina- 
tion and specification establishment are 
overhead expenses applicable to any in- 
strument development while the costs 
of engineering the instrument are for 
the most pan specific and must be paid 
out of sales of the instrument. To pro- 
duce the instrument, materials must be 
purchased, labor expended and the in- 
strument must be advertised and called 
ro potential customers attention. 

The price must be set prior to sale 
and thus calls for estimates and judg- 
ment, since actual specific experience 
is nor available. The costs of engineer- 
ing can be ascertained since final pric- 
ing usually takes place near the com- 
pletion of rhe engineering cycle. The 
length of rime over which the engineer- 
ing costs will be spread and the expected 
number of sales in rliac period must be 
estimated. The engineering costs can 
then be divided by this number of units 
which result now forms part of the in- 
strument's cost. Material estimates and 
labor rime estimates, yield additional 
costs. Finally, overhead, representing 
the costs of services; purchasing, selling, 


supervision, building, tool costs, etc. and 
profit are added and the price becomes 
available. 

The labor time estimates must be 
projected as an average over a period of 
time. The early instruments will always 
cake much more time than the average 
for the life of the instrument. These 
early instruments will cost more than 
their selling price. Estimating this 
"learning curve" is important. As a 
minimum, the instrument must sell the 
number of units estimated within the 
rime in which the engineering costs are 
to be repaid. If it sells additional units 
over a longer time* capital for additional 

engineering and a lowered price for 
subsequent instruments results. General 
attention ro reasonable overhead costs 
must be continuously maintained. 

If all this work is properly done, a 
reasonably priced instrument will result 
which attracts customers over a con- 
siderable period of time. A properly 
engineered and priced instrument will 
return its purchase price many times 
over to its user. We believe, that elec- 
tronic instruments are one of the big- 
gest bargains available in today’s market. 


EDITORS NOTE 

ft is widely feared our nation is fall- 
ing behind in the technological race. 
The world s population is increasing at 
an accelerating tempo but the need for 
Technically trained personnel in this age 
of automation increa^s at an even faster 
rare. While waiting for the educational 
system to re- ad just itself in the Light of 
present day realkies, most employers 
are searching for ways and means of 
improving the efficiency of our present 
crop of eogineers. Magazines devoted 
to this problem have sprung up. Per- 
sonality and environmental factors are 
coming in for more aneotion. Psycho- 
logical terms — the "problem child", 
non -con for mist, the unconscious, the 
subconscious, the send -conscious and 
the no-account are now found liberally 
sprinkled throughout our technical 
literature. 
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No longer is Management concerned 
solely with the technical merit of the 
engineering applicant. In the larger cor- 
poratioos where Research and Develop- 
ment receives a significant share of the 
budget dollar, the biological or animate 
sciences*" — psychology, psychiatry, even 
phrenology are increasingly coming into 
use in the appraisal of applicants. In 
some corporations psychological testing 
is already routine. Sweating pajms, 
twitching of the eyebrows (perhaps due 
to a sadistic mosquito that prefers ap- 
plicants over interviewers) may be cause 
for rejection even though the applicant 
has his shoes shined, his Sunday suit 
pressed and an impressive background, 
A handshake that is too firm may indi- 
cate a potential "Stakhanovite one who 
is geared up at a high rpm and may 
therefore cause a serious morale prob- 
lem among those who work at a more 
normal rate. On the Other hand, an 
engineer with a weak handshake might 
be suspect as a latenr bohemian* a non- 
conformist indifferent to the need for 
"getting along". 

If he is ud fortunate enough to pass 
these batteries of tests and possesses the 
proper phrenological charaa eristics, he 
is hired. These phrenological require- 
ments, incidentally, vary from company 
to company; some companies demand 
two bumps on the forehead and one aft, 
symmetrically spaced; others are more 
modest, requiring only one bump fore 
and aft. This matter of phrenological 
standards will be aired by an industry- 
wide Committee that is being estab- 


lished to standardize criteria on employ- 
ment as a guide for interviewers. The 
committee will be known as the Com- 
mittee on Interview Criteria or the CIC 
committee (for phonic convenience it 
is rhymed wirh sick). 



There follows assignment to am R/D 
team, which must be productive of new 
ideas to jusrify itself. Now ideas, cre- 
ative ones, axe difficult things to come 
by since the technically trained mind, 
it is believed, is something inhibited 
from seeing the true relation between 
things due co its peculiarly one-sided 
education and isolation from the ad- 
ministrative end of things where com- 
pany policy is made. Nevertheless a 
brave stab is being made by utilizing 
che latest advertising technique of gen- 
erating ideas for "selling" a product. 
This is called "braiostorming" or cranial 
ventilation and is similar to che free 


association principle used in psycho- 
analysis to liberate facts from the "un- 
conscious". It goes something like this — 

The engineering team is placed 
around a Jarge circular table in a room 
devoid of distracting decor such as pic- 
tures (especially nostalgic landscapes), 
curtains, etc. Lights are turned low, and 
binaural "think" music pours softly out 
of speakers hidden in the ceiling. A con- 
templative mood established, the engi* 
neers are now to cos s any ideas that pop 
into their heads into a pot. This goulash 
is gingerly examined from rime to time 
by the Idea Co-ordinator who hopes to 
find therein a few pearls of thought. 
But alas, it is being sadly admitted that 
no sooner do the lights dim than the 
"think” music is transformed through 
some perversity of the engineering brain 
into "dream" music that produces only 
yawns and snores. 

The inevitable reaction is beginning 
to set in. There is now a real danger 
the policy of the ‘ hard school” will take 
effect. This consists of placing the engi- 
neers head in a wine press adapted for 
the purpose and squeezing. Ideas, if 
any, are caught in a large beaker of 
formaldehyde, the heaviest ideas set- 
tling to the bottom, the others remain- 
ing in suspension. 

Any evidence obtained from "mod- 
ern" methods ro che contrary, engineer- 
ing is still a profession for enthusiastic, 
hard -working- people well grounded in 
fundamentals. The horizons have broad- 
ened but rhe basic requirements are not 
different. 
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Q Meter Techniques 

NORMAN L. RIEMENSCHNEIDER, Sales Engineer 


The Q Meter has frequently been de- 
scribed as one of the most flexible in- 
struments available with applications 
limited largely by the ingenuity of the 
person using it. k is our desire here to 
delineate some of chose techniques, not 
normally encountered in everyday work, 
in the hope that wider dissemination 
of information gathered through many 
channels, will prove of some value. 

Tn order to approach our specific 
problems in a general way, it might be 
well to review some basic facts relative 
to the operation of the Q Meter 

The Q Meter is always operated with 
a coil connected to its coil terminals. 
If we are interested in measuring die 
Q of a coil, this coil will be connected 
ro these terminals and it will be meas- 
ured in one operation. If we are in- 
terested in making other measurements; 
(i.e., the Q of a capacitor, the imped- 
ance of a circuit, rhe parameters of a 
tuned circuit; ere.), we still need a coil, 
even chough we are interested in that 
particular coil only as a reference. This 
so-called "work coil" would probably 
be a shielded unit to prevent stray 
coupling, hand-capacitance effects, etc.; 
and might be selected for its inductance, 
Q; etc., as needed for the particular ap- 
plication involved. 

In making measurements (other than 
the Q of a coil) of circuit parameters 
there will be two steps involved. The 
first will be with the work coil mounted 
on rhe Q meter, where the resonating 
capacitance (Ci), circuit Q (Qi), and 
frequency will be recorded. The second 
will be with the unknown connected in 
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Figure I. The author connects a fixed capacitor 
Ihe capacitance on a Type 260-A Q Meter. 

addition to the work coil and once again 
the above reading will be noted, tills 
time as and Q^. 

From this data the desired parameters 
can be determined using the appropriate 
formula selected from those shown in 
figure 2. High impedance circuits are 
measured by connecting them in parallel 
with the Q Capacitor; i.e., across the 
"Capacitor” terminals, and using the for- 
mulas shown under the heading "Paral- 
lel Connection to Q Circuit". If the 
unknown consists of more than one 
parameter, it should be noted that the 
equivalent parallel parameters are ob- 
tained in this manner. Low impedance 
circuits are measured by connecting 
them in series with the "Low" side of 


to /he lerniinafs of a series fig prior to measuring 


the coil. In like manner the "Series 
Connection to Q Circuit” formulas axe 
used to yield the equivalent series para- 
meters of the circuit involved. 

With the above in mind, it might be 
well to resolve some specific problems. 

1, Measurement of Coifs. 

a. Coil inductance too great to re- 
sonate with minimum capacitance of Q 
Meter at desired frequency. Since this 
can be considered a high impedance 
measurement, the unknown coil can be 
connected to rhe capacitor terminals and 
readings of Q, C>, Qj> and made 
in two seeps. There will actually be two 
coils involved in this measurement. Ci 
and Qi will be the values read with the 
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work coil only mounted on the coil 
terminals. C 2 Qe are made after che 
unknown coil has been added across the 
capacitor term (nab and the measurement 
is made with both coils connected. For- 
mula 3b will yield the inductive react- 
ance and 2b will give the equivalent 
parallel resistance. Combining these two 
parameters, formula lb will give the Q 
direcrly. 

b, Maximum resonating capacitance 
on Q Meter insufficient at chosen fre- 
quency. If it is desired to measure a 
cod having so low an inductance that 
it cannot be resonated with the capacit- 
ance available on the Q Meter, addi- 
tional capacitance can be added across 
the Q Meter capacitor terminals and 
the coi) measured in a normal manner. 
The additional capacitance must be 
known, if it is desired to compute the 
reactance of the coil. 

c, Measurement of extremely high Q 
coils. If the Q of a coil is beyond the 
range of the Q meter wich its highest 
XQ multiplier, it can be measured using 
the same procedure described under (a) 
above. 

d, Measurements at frequencies below 
50 kc. Measurements can be made oo 
both rhe 160-A and 260-A Q Merers at 
frequencies down to 1000 cps by dis- 
connecting the Q Meter oscillator and 
supplying the instrument signal from 
an external source through a Coupling 
Unit Type 564-A. A jack has been pro- 
vided in rhe rop of the 160-A Q Merer 
for this purpose. Hie 260-A has also 
been provided with a removable panel 
in the rear of the instrument where 
disconnection of die 50-ohm cable from 
the thermocouple block by means of a 
BNC connector allows easy adaption ro 
low frequency measurements. Any audio 
oscillator having good waveshape and 
capable of developing a variable voltage 
up to 22 volts across 500 ohms am 
be used. 

For coil measurements ar these lower 
frequencies, it will probably be found 
necessary to provide additional capacit- 
ance across the capacitor term i nab to 


SERJ ES CONNECTION TO Q CIRCUIT PARALLEL CONNECTION TO Q CIRCUIT 


Q* = 

(C,-Cj) QlQ, 

(In) 

C; Q 1 — Gj Q« 

R — 

1.59 X 10 s Q-Q'-Q-) 

<2a) 


fC,Q,Q; 


L.59X 10* (Ci-C,) 

rc,c, 

(3a> 

[ — . 

2.53 X 10 10 (C,-C5> 

<^> 



FCxC, 



(5a) 

(Gs-C,) 


When Cj is: 

Greater than X, is inductive (-(-). 
Less than X, is capacitive ( — ) . 


(Q— CO Qi Qv 
^ “ C V (Q,-Q,) 

(1b) 

1.59 X 10 s Qi Qj 
(CAQ>-<b) 

(2b) 

1.59X10* 
D “ f (C, c, ) 

(3b) 

2,53 X )0 lD 

1 ‘ “ f 3 (Ci-Ci) 

<4b> 

C t , = Q-C; 

(3b) 

When C, is: 

Grenier rhan X D is capacirivc ( — ) , 

Less (han G_> X D is inductive ( -|- ) ■ 



Id the formulas for Q, the quaoiides <Ci— C±) and (C 2 — C ) are always considered positive. 

The following symbols refer 10 values of the unknown impedance, Z: The units used are: 


Q, = Q of the unknown impedance 

R. — Effective series resistance. 

X, = Effective series reactance. 

L, = Effective series inductance. 

C, =; Effective series capacitance. 


ft,, = Effective par* Mel resistance. 
X |k = Effective parallel reactance. 
L t , Effective parallel indue cfuice. 

C, Effective parallel capaciunce. 


R ^ Resistance in ohms. 

X — Reactance in ohms. 

L Inductance in microhenries. 

C ~ Capacitance in micro-microfarads, 
f = Frequency in kilocycles per second. 


Figure 2. General formulas for series ond parallel connections, 


SERIES CONNECTION TO Q-METER 
K59X 108 (O-C^QtQ* 


R,. = - 


x. = x P = 

L* = = ■ 

0, = ^.= 


i C.GAC^-CjQ.) 
1.59 X 10 s (Ct-Q) 


fCiC = 
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Jn (hr ; 1 bo vc formulas the same units, symbols and conditions stated in figure 2 apply except that these 
formulFis are accurate only for impedances having a Q greater than 10. The formulas in figure 2 are accu- 
rate for rmy impedance. 

figure J, Series ond parallel connection formulas for impedances having a O greater than 10. 
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Figure 4. Series fo parallel transfer formulas. 


resonate the inductors frequently en- 
countered in this frequency range. In 
using an external oscillator, care must 


be exercised chat the output attenuator 
is turned all the way down before con- 
necting to the Q Meter in order to pre- 
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dude possible Thermocouple damage. 
Reasonably good waveshape is required 
of the supply , since rhe thermocouple 
responds to the rms voltage and the Q 
Voltmeter is a peak -reading device. The 
presence of harmonics will therefore 
aifccr the Q reading. 

e. Dielectric measurements at low fre- 
quencies. We have had many inquiries 
from customers relative to the use of 
a Q Merer for low frequency dielectric 
measurements. On information received 
from rhe field, a typical installation for 
1 kc operation would include, in addi- 
tion ro a Q Meter and a 564-A Coupling 
Unit, a Hewlett-Packard audio oscil- 
lator Type 200 A B (20 cydes to 40 kc) , 
a UTC Type MQ B- 1 1 inductor and a 
good variable or decade capacitor hav- 
ing up to approximately 1500 MMFD, 
or equivalent equipment. Operation at 
other frequencies would have other in- 
ductance or capacitance requirements. 

f. Inductance measurements , It mighr 
be worth noring chat in using the L/C 
dial for direct inductance measurement, 
rhe effective inductance is given. If it 
is desired to read rhe true inductance 
and the distributed capacitance, C d , is 
known, it can be done by increasing the 
capacitance dial setting, after resonance 
has been established, by an amount equal 
to the Q and reading off the corres- 
ponding value of inductance as the true 
inductance. 

2. Measurements of Capacitors. 

This is a fairly common operation and 
there is no point in elaborating on it. 
Briefly, rhe Q of a capacitor is eval- 
uated by first selecting a suitable coil 
and measuring its Q a ad resonating 
capacitance on the Q Meter. After not- 
ing these as Qi C u the unknown ca- 
pacitor is connected across the capaci- 
tor terminals and the circuit is ouce 
again resonated using the internal Q 
capacitor. Values of Qa C > are recorded, 
and from Q,, Q^, Cl, and Cy, the Q of 
the unknown can be computed using 
the appropriate equation in figure 2. k 
might be noted that the accuracy of 
measuring capacitance can be improved 
by using an external variable precision 
capacitor. Since this measurement is 


OWNERS OF SIGNAL GENERATORS, TYPE 
2Q1-F FM-AM AND UNIVERTERS, TYPE 
207-F PLEASE NOTE 

Final Operating Instruction MonuaLs For 
these Instruments ore now available. If 
you hove not received your copy, please 
let us knew and it will be forwarded im- 
mediately. 



Figure 5. Ranges of measurable resistance on 
O Meter, Type 260- A. 

essentially one of substitution, the range 
of measurable capacitance can also be 
extended by using a coil with less in- 
ductance, thereby requiring the addition 
of more external capacitance. 

Large capacitors may be measured by 
connecting them in series with the low 
side of rhe coil. For this measurement, 
however, a coil is used whose inductance 
will resonate to the desired test fr^- 
queocy with the Q capacitor set ro the 
high capacitance end, so that the addi- 
tion of the test capacitor will cause a 
measurable change. It is also necessary 
to shunt the capacitor under test with 
a 3 to 10 megohm resistor to provide 
a dc return path for the voltmeter. 

With large capacitors ic is particularly 
important to minimize lead length. 
Shorting the capacitor out, rather than 
removing it entirely, during the first 
measurement is desirable. 



Figure 6. Grid electrode bolder for measuring 
mica in a plane parallel to fbo cleavage plane. 

(Courtesy o j Bell Telephone Laboratories and 
American Society for Testing Materials, From 
A STM Designation: D748-54T. Reprinted 
with permission.) 


3. Measurements of Resistors at 
Radio Frequencies. 

Resistors are handled either in series 
with the low end of the coil or in par- 
allel with the capacitor terminals, de- 
pending upon whether the resistance 
value is low or high respectively. There 
are values of resistance for each fre- 
quency, however, that caooor be meas- 
ured. Some idea of this can be had 
from figure 5. The use of the tow Q 
scale tends to shrink this area which 
cannot be measured and there have been 
articles 1 in rhe literature describingother 
techniques thar can be employed to sur- 
mount this problem. 

4. Measurement of Mica. 

Q Meters have found wide applica- 
tion in the sorting of mica based on its 
dielectric properties. The measurement 
can be accomplished, in the perpendicular 
plane, using a clamp type holder with 
suitable test electrodes, or in a plane 
parallel ro the cleavage plane using a 
holder with grid electrodes. The latter 
ls illustrated in figure 6. The actual 
test methods employed have been ade- 
quately covered elsewhere 2 . 

5. Application of Biasing Potentials. 

It is sometimes desirable to investi- 
gate circuits with biasing potentials or 
currents applied during the measure- 



CAP 

TERM 

GNOq 


Figure 7. ClrcuJl for applying Q Meier bras. 


menc. Figure 7 illustrates how this 
can be accomplished using a blocking 
capacitor and a high impedance power 
source. Capaciror C muse be Large enough 
to present negligible reactance at the 
operating frequency, and R must be high 
enough to prevent loading of the circuit 
by the power supply. The applied vol- 
tage will be determined by the resistance, 
R, and the biasing current. Polarity of 
the battery and magnitude of the bias- 
log current are inconsequential to the 
operation of the Q Meter. 
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Figure 6. Q Meter, Type 260-A connected to RF 
Voltage Standard, Type 245-EL 


6 . Use of 260- A as a Signal 
Generator. 

The 2 60- A Q Meter can be impro- 
vised as a CW signal source up to ap- 
proximately 20 rocs, by removing the 
small tear cover plate, disconnecting 
the coaxial cable going into the thermo- 
couple block, and connecting it to the 
input of the 24 5 -B RF Voltage Standard 
through a 20 db pad. The output of the 
245 -B then is V 2 » 1 .0, or 2 microvolts 
depending upon which level is selected 
on the meter. The X Q control varies 
the oscillator output for the signal level 
desired* See figure 8. 

7. Use of Q Meier as a Wave Meter. 

If the oscillator range switch is set 
between ranges to turn the oscillator off, 
a coil can rhen be connected across the 
coil terminals and coupled to an active 
circuit whose frequency is not known. 
Afrer the Q capacitor has been tuned 
for a maximum deflection and the active 
circuit removed, the Q Meter oscillator 
can then be turned on and its frequency 
varied for another indication of reso- 
nance. The frequency thus indicated, is 
the frequency of the unknown signal 
under test. 

8. Miscellaneous. 

a. Use of 260 -A with frequency 
counter . Where greater thao 1% fre- 
quency accuracy is desired, the Q Meter 
oscillator can be monitored with a 
counter. This is accomplished by remov- 
ing ihe rear panel, disconnecting the 
transmission line going ro the thermo- 
couple block, and insening a "tee” fit- 
ting to allow the parallel connection of 
the counter input. Operaring the Q 
Meter with its multiplier set ar "X I" 


will afford approximately 0.5 volts to a 
high input impedance counter 

b. Use of Scale Magnifier. Where it 
is desired to read the main capacitor 
dial more closely than ordinarily al- 
lowed, a hemicylindrical magnifier made 
from plastic, as shown in figure 9* can 
be used. Constructional details are shown 
in figure 10. 



Figu/£ 9. Main capacitor dial magnifier. 



ASSEMBLY INSTRUCTIONS 


1. Remove (2) #10-32 x 3/8 BH mach. $craw« 
on 260-A pan«J which line up with 7/32 
dm. holes. 

2. Attach strip with (2) #10-32 x 5/8 BH 
moch. screws thru 7/32 dia. hole$, using 
flat wo * hers & Jock washers. (1/4 dia. spot- 
face at 3-5/64 will clear Fiducial screw on 
recent 260-A f t. Other (2) 1/4 dla. spot-faces 
will dear fiducial screws on early 260-A's). 

3. Mount magnifier with (2) #6-32 x 1/2 BH 
moch. screws using bath flat & lockwosher*. 



ATTACHMENT strip 


Figure 10. Construct/orr and assemb/y details 
of the main capacitor diaJ magnifier. 


c. Use of " delta Q” scale to refine 
resonance . The "delta Q” scale can be 
used to obtain a very precise resonance 
by raking advantage of its greater sensi- 
tivity. After carefully resonating the Q 
Circuit in a normai manner, set the 
"delta Q” dial to the Q indicated on the 
Q Merer, and depress the key. By adjust- 
ing che "delta Q” potentiometers co cen- 
ter the needle on the red scale, very fine 
adjustments can be made to the inter nal 
resonating capacitor for resonance. 

d. Use of "delta Q” scale as a "go — 
no-go" test , Using rhe technique shown 
above under (c), once resonance is 
established, limits within the confines 
of the red scale can be established. Cen- 
tering the needle in the red scale for the 
nominal value, tolerances can be set up 
for components in terms of deviation 
from the center point in either direction. 

e. Use of ,r Lo Q'* scale for zeroing 
voltmeter. Since both the "Q” scale and 
"Lo Q" scale have che same zero point, 
the voltmeter can be adjusted by making 
the adjustment on the "Q" scale and de- 
pressing the "Lo Q” key to make sure 
there is no change on rhe needle. When 
che instrument is properly adjusted /or 
zero, "pumping” the "Lo Q” key should 
not move the needle at all. 

Conclusion 

The foregoing discussion Is by no 
means intended to define the limits of 
the Q Meter, but instead indicate some 
of its potentialities. As new problems 
arise, we hope new techniques will be 
developed. Our field staff stands ready 
to assist in these problems. 
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Glide Slope Generator Tone Signal 


Phase Relationships of the 
90-150 cps Tones 

When die weather gets soupy air- 
liners and military aircraft rely on elec- 
tronic guidance systems for safe land- 
ings 1 , One component of this common 
navigational system is the glide path 
established by a transmitter located near 
the end of a runway and the associated 
receiving and indicating equipment in 
the aircraft. 

Operation of the system is based upon 
the ratio of a 90 cps signal to a 150 Cps 
signal appearing at the output of the 
receiver. The desired course is that in- 
clined plane in which the two modula- 
tion tones are of equal intensity and the 
receiver circuits must be adjusted to 
produce the corresponding on -course in- 
dication. 

To insure proper operation of the re- 
ceivers and indicators ic is necessary to 
check them at frequent intervals with 
signals corresponding to those received 
aboard the aircraft in various positions 
with respect to the desired glide slope. 
This is usually done with the Glide 
Slope Signal Generator Type 232 -A or 
its military equivalent, Signal Generator 
SG-2. This instrument contains a syn- 
chronous alternator which supplies 90 
cps and 150 cps tones and lias provi- 
sions for mixing the ratio of the two by 
predetermined amounts to correspond 
to different positions of the aircraft with 
respect to the on-course signaL 

Standard Conditions 

In the ground transmitter die relative 
phase of the 90 cps and 150 cps modula- 
tion signals is set so that at no time do 
peak voltages of both signals occur 
simultaneously. Otherwise the maximum 
percentage modulation which could be 
assigned to either signal would be one- 
half the maximum total modulation level 
since each would contribute equally 
at the in-phase instant as shown in 
Figure I. 

If, however, the relative phase be- 
tween the alternators is correct, at oo 
time will peaks add in either polarity 
but will be spaced by a minimum separa- 
tion of approximately 12° of die 30 
cycle repetition rare of the composite 
pattern. This condition is shown in 
Figure 2. For a given total peak-to- 
peak swing of the modulation, it is now 
possible to deliver a larger percentage 



a. Incorrectly-phased 90 cps and ISO cp* Tonoj, 
Lead* horn ISO cps aitowaior have been 
reversed. 


b. Incorrectly -phased tone i jupodjnpoiftd. 



course" signal as applied to modulator of 
Glide Slope Signal Generator Type 232-4, 


Kgur* I. Waveforms for incorrectly phased 
90 cps and fSO cps inodt/JaUon signals. 

modulation of each of the rwo com- 
ponent signals comprising rhe composite 
waveform. 

The coodition pictured in Figure 2 
has been selecred as standard and is de- 
fined on page 41 of reference number 
2, This specification defines a certain 
phase relationship for the signals. There 
are, however, at least four ways in which 
the phase relationship can be tested 
provided an initial overall test is made 



a. Cofrectty-phascd 90 cps and 150 cps Tones 
dUp toyed separately. 


b. Correctly-phased tones superimposed. 



c. 3i/m of correctly -phased Tones for "on 
roui$e y> signal as crppbW To modulator of 
Glide Slope Signal Generator Type 232-4. 

Figure 2. Waveforms for correctly phased 90 
cps and ISO cps modulation signals. 

co be certain that the output windings 
from the 90 cps and 150 cps alternator 
have been properly interconnected and 
char the two voltages are approximately 
equal. 

Testing Methods 

The definition, which may be used as 
one basis for a method of measurement, 
states that rhe 90 cps and 150 cps sig- 
nals shall be in phase on the zero -axis - 
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Figure 3. 7ejJ connections and corf eel oscilloscope 
Air Devices Co., Type N3E-3) in the Type 232-4 Glide 

crossing on the positive- going wave 
slope- If a dual-channel electronic switch 
is available for the oscilloscope, it is pos- 
sible to superimpose the 90 cps and 150 
cps signals and obtain the pattern shown 
in Figure 2b, By the use of suitable 
techniques and equipment, the region 
in the vicinity of the zero-axis-crossing 
can be investigated and the relative phase 
of the two signals at this point deter- 
mined. 

The second method, which a bo is 
based on a definition but requires a 
somewhat more difficult oscilloscope 
technique, consists of measuring the 
separation of die peaks of the rwo sig- 
nals to insure that they are not closer 
than a minimum separation of 12° for 
either positive or negative pairs as 
shown in Figure 2b. 

In rhe third method, the two tones 
are added to give a composite signal as 
shown in Figure 3. With proper phas- 
ing rhere are pairs of peaks which have 
the same amplitude. A slight shift in the 
relative phase will increase the ampli- 
tude of one of the peaks while decreas- 
ing the amplitude of the other on both 
the positive and negative pairs. In order 
to increase the sensitivity of this meas- 
urement it is common practice to blow 
up the image and depress the zero axis 
by means of the centering cootrol so 
that a magnified ponton of the tips of 
a pair of peaks appears on the screen. 
This is a very sensitive test and will 
yield good accuracy in testing for cor- 
rect phase angle provided the two sig- 
nals are of approximately equal magni- 
tude. 

A glance at the display will show that 
it consists o l a “W" connected with an 
"M’' in which pairs of legs on both let- 
ters are equal. A display jn which an 


pattern for the 90-1 SO cps o/fernertor (Eastern 
Slope Signal Generator. 

"M" is followed by a "W", is equally 
valid depending on the phase of the 
synchronizing voltage used for the oscil- 
loscope. Improper connection of the 
alternator windings gives the waveform 
of Figure lc 

A fourth method is based upon form- 
ing a Lissajous pattern by using a prop- 
erly-phased 30 cps sine wave to drive 
die horizontal oscilloscope amplifier. 
This has the practical effect of taking 
the pattern or Figure 3 and wrapping 
ir around a transparent cylinder so that 
rhe rwo ends connect as shown in Figure 
4 which strongly resembles a large pair 
of ice tongs. Since the amplitude of 
rhe two peaks depends on rhe relative 
phasing of the 90 cps and 150 cps sig- 
nals, rhe adjustment for which points 
of the ice tongs just meet is a very 
sensitive measure of the phase relation- 
ship of the two sig nab. 


Of the four methods described above 
rwo are based on measuring rdarive 
phase of two signals in a superimposed 
display and two are based upon rela- 
ive amplitude measurements of a com- 
posite signal. 

When using expanded displays of 
either of the methods in which am- 
plitude is used as a measure of phase 
relationship, care must be exercised ro 
insure thac the magnitudes of rhe 90 cps 
and the 150 cps signals are approxi- 
mately equal and that the interconnec- 
tions from the generator are correct as 
indicated by the "W-M" display shown 
in Figure 3. 

Biblrog raphy 

1. "Bad Weather Flying" Beatty 
E.W., BRC Notebook No. 4, Winter 
1955 . 

2. "Calibration Procedures for Signal 
Generators Used in che Testing of VOR 
and 1LS Receivers ', RTCA report 208- 
35T50-52. 


The Need for Special Instruments 


It has always been our policy ro de- 
velop and design instruments which can 
be applied under a wide variety of con- 
ditions, This flexibility rends ro broaden 
the market thus lowering che price. It 
also makes it possible for a given labora- 
tory to sustain irs work with a smaller 
number of instruments. For instance the 
Q Merer Type 260- A covers a frequency 
range of 50 kc to 50 me and can be ex- 
tended down to } kc with standard, 
readily available, external equipment. 
The range of Q measurements is 10 to 
625 and the capacitance range is 30 co 
460 micrornicro farads. A single-fre- 


quency Q meter to measure one level of 
Q at a given capacitance could be builr 
to very high accuracy but since few 
would be needed, the price would be 
high and che owner would soon find 
many problems not covered by the in- 
strument. 

Our policy has also always provided 
for a standard cabinet and cabinet finish. 
In addition we have not provided any 
means for furnishing instruments with 
performance characteristics or specif ica- 
rions different from those standardly 
advertised. These policies, also, are 
based on our strong desire ro hold rhe 
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price to ail ac a minimum. Our time 
and money has been concentrated on 
providing the highest average useful- 
ness to the greatest number of our cus- 
tomers. We have always felt that pro- 
viding more service to the few would 
result in less service for the many. 

Recent changes in the electronic field 
have indicated the need for some addi- 
tions to this policy. Electronic instru- 
ments are being used as parts of large 
assemblies of test equipment instead of 
as individual laboratory equipments. 
Since each company's instruments are a 
different color these assemblies are by 


no means uniform in appearance. Cus- 
tomers who assemble these instruments 
quire naturally want them finished in % 
uniform manner. Commercial equipment 
in some cases does not exactly fit the 
performance requirements in other ways. 
As long as substantial redesign is not re- 
quired these changes can be made. The 
importance of the application very fre- 
quently justifies the added charges for 
making minor changes and special ar- 
rangements. 

To betrer serve the special require- 
ments discussed above Boooton Radio 
Corporation has recently set up a Special 


Devices group. This group will handle 
finishing and small changes such as re- 
location of connectors, special cables, and 
other minor changes to accommodate 
special requirements. Our internal meth- 
ods for handling these orders have been 
simplified so as to give rapid service. 
Arrangements have been made ro as- 
sure chat none of the charges for this 
special work appear in the price of our 
standard instruments. We would be 
happy to hear your special needs for our 
equipment with the type of slight modi- 
fication discussed here. 


Conventioneering with Cartoons 

JAMES E. WACHTER, Project Engineer 


EDITOR'S NOTE 



Anyone who has ever attended an IRE 
show doubtless knows that Jim Wa direr. 
Project Engineer and amateur cartoonist 
extraordinary at BRQ has covered the 
field with his '‘Conventioneering with 
Cartoons" series illustrated here. Jim 
saw the convention from "both sides 
of the fence"’ so to speak. He served his 
time in the BRC booth and joined the 
rhrongs to view other exhibits. We think 
the cartoons are an authoritative sam- 
pling of what one might expect to en- 
counter at a typical IRE show. 
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Q METER CONTEST AWARD 

O of the coil displayed at the IRE 
show is 336.7. The winning estimate 
(338) was submitted by Mr. George 
S. Scholl, Research Engineer with the 
American Machine and Foundry Co. 
of Afexandr[a f Va. 

The co /I in question was displayed in 
the BRC booth ac the IRE show in New 
York during March 18 - 21. Anyone 
visiting che booth was invited to esti- 
mate the Q of the coil in competition, 
for a Q Meter which was also on dis- 
play. Entries were submitted on specially 
prepared forms. These entries have been 
tabulated and set up in graph form be- 
low to give an indication of the distri- 
bution of estimates. 

Measurement of the coil was made at 



Q RANGE 

GRAPH SHOW IMG DISTRIBUTION OF 
Q ESTIMATES 

Graph showing distribution of Estimates in the 
Q Meter contest. 


BRC by our Quality Control Engineer, 
on March 25, under the following con- 
ditions; 

1. The coil was conditioned for 2 
hours in the Standard Room with the 
atmosphere maintained at 73 =t2°F, 
relative humidity 50 ± 5 %. 

2. Measurement was made on a BRC 
Type 260-A Q Meter which was checked 
by Q Standards 5 L3-A and 518-A, 

3. The coil was dismounted from the 
display case and connected to rbe Q 
Meter with rhe coil axis vertical. The 
winding cods were clamped by the Q 
Merer coil binding posts; spacing be- 
tween the winding ends being rhe same 
as it was while the coil was on display. 

4. The coil measurement frequency of 
12.5 me was checked againsr a crystal 
calibrator, 


Following measurement, the coil was 
disconnected from the Q Meter, then 
reconnected and measured again in the 
same manner. Readings obtained for 


both measurements 

are 

shown 

in the 

table below. 





1st 

2nd 


Readings 

Maos. 

Maas. 

Average 

Frequency (me) 

12.5 

12.5 

12.5 

Q Meier Multiplier 

t.4 

1.4 

1.4 

Q Voltmeter 

241.0 

240.0 

240.5 

Q JodicatioD 

337.4 

336.0 

336.7 

Q Meter 




Gapadtaoce (mm f) 

74.2 

74.0 

74.1 

Other Q estimates worthy of 

honor- 


able me mi oo were submitted by J. C 
Clements, Raytheon Mfg. Co. ltd. (334) 
and J. F. Sterner, RCA, Isidore Bady, 
U.S.A.S.E.L.j and S. Krevsky, Evans Sig. 
Lab., (all with 333)- 



Shown above are the Type 760- A Q Meter and the controversial coil as they were displayed in the 
BRC booth at the IRE convention* An enlargement of the coil is shown in the Insert. 
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Calibration of An Instrument for Measuring Low-Level R-F Voltages 



The sensitivity of a radio receiver is 
one of its most important attributes. 
Often, this sensitivity is in the order of 
one microvolt or less. Unfortunately, the 
only devices capable of detecting the 
presence of these low-level voltages are 
rhe receivers under test. Using a receiver 
of unknown sensitivity to measure ihese 
voltages would not be an accurate pro- 
cess. What is needed, is a device which 
will provide a source of r-f voltages, at 
microvolt levels, which can be estab- 
lished with a definire and reasonable 
accuracy without measurement at low 
levels. This article presents a discussion 
of some of the techniques employed and 
problems encountered in designing and 
evaluating such a device. Basically the 
device under discussion combines a care- 
fully calibrated r-f voltmeter with a 
very fine attenuator. See figure 3. 

Voltmeter Design 

The voltmeter selected for this device 
is a reasonably straight forward UHF 
germanium cartridge diode. The only 
innovation is that the diode operates 
with an accurately monitored bias cur- 
rent at zero signal. The bias is such that 
the input voltage swing is always on 
the square-law portion of the diode 
characteristic and never crosses the 2 ero 
voltage axis. This tends to make the 
sensitivity relatively independent of 
temperature and aging effects. 

What must be determined however, 
is the frequency characteristic of this 
diode voltmeter. At the design stage it 
was quite obvious that rhe series reso- 
nance of the voltmeter was above 1,000 
me, but rhe exact frequency was not 
known. As che series resonance is 
approached, the diode will increase in 
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sensitivity and the output of rhe instru- 
ment will drop. On the low frequency 
end, the sensitivity will decrease as the 
impedance of the by-pass capacitors 
increase. Since it is most desirable to 
calibrare rhis voltmeter at 1,000 cps, 
where accurate voltages are available* the 
low frequency characteristics must also 
be known. A factor to be considered, is 
that two capacitors are used as a filter 
over the entire frequency range and 
that they have a 5 -ohm damping resistor 
between them. Below a certain frequency, 
this 5 -ohm resistor is in series with the 
r-f circuit of the diode and decreases the 
sensitivity slightly. For accurate work 
this must be evaluated. 

Voltmeter Performance Checks 

The basic problem at the input of the 
voltmeter system is to accurately measure 
rhe voltage applied to the attenuator 
system over a range of 1 kc to 1,000 me 
for a constant indication of rhe output 


meter. In order to extend che frequency 
response downward to 1,000 cycles, an 
additional 60 /if had to be added to the 
by-pass circuit. To be sure that this bad 
no effect on the normal calibration, it 
was necessary to check rhe meter indica- 
tion at che lowesr operaring frequency of 
100 kc, with and without the 60 pf 
capacitor. It was found chat this had no 
effect. It was also found that 60 pf was 
adequate for 1,000 cps. This was checked 
by adding more capacitance and noting 
that no change in sensitivity took place. 
Operation of the by-passing was observed 
by evaluation of the effect of the 5 -ohm 
damping resistor at frequencies where 
the high frequency by-pass has no effect. 
This was accomplished by a relative 
check of sensitivity at 1,000 cycles, with 
and without the damping resistor. Results 
showed about a \% change. This 
increase in sensiciviry occurs berween 10 
and 20 me as the test fxeqviency is raised. 
Since this is known, it can be taken into 
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account. This condition precludes the 
possibility of sharp, uncontrolled changes 
occurring unexpectedly due to series 
resonance of the two capacitors and their 
accumulated inductances. 

DC to Audio 

The most accurate place to begin 
determination of standard voltage js at 
a Weston standard cell* In this case, dc 
was passed through a stable glass film 
type resistor of 50-ohms dc resistance. 
This current was monitored with a 
Weston thermo milliammecer whose cal- 
ibration was known up to 2 me. An L 
and N laboratory potentiometer was used 
to compare the standard cell voltage 
with the voltage developed across the 
resistor. Accurate readings of the thermo 
mil 1km meter were taken at the voltages 
desired for calibrating. In as much as 
the rhermo milliammeter and the resistor 
are flat to at least 1,000 cycles, the dc 
source was replaced with a low distortion, 

1,0 00 -cycle, power source. By producing 
the same currents at 1,000 cycles that 
were produced at dc, the same voltages 
which were accurately checked with the 
standard cell ar dc were now being pro- 
duced at 1,000 cycles. These standard 
levels were used ar this frequency to 
check the accuracy of a Ballantine ac-dc 
precision calibrator which would serve 
as a convenient stable 1,000-cycle stand- 
ard for further use in the testing. The 
calibrator is continuously variable in level 
up to 10 volts, (rms, peak, or dc) and 
is accurately read out to 4 significant 
figures. This instrument operates well 
within its rated V2% accuracy. 

Audio to 2 me 

The 50-ohm resistor used in the trans- 
fer test was known to be flar to well 
above 2 me and che thermo milli- 
ammeter was nearly flar with a known 
slope supplied by the manufacturer. By 
varying the frequency into the system, a 
calibration curve was produced for a 
Ballantine Mode! 310 vacuum rube volt- 
meter up to 2 me. This calibrated meter 
was then used to monitor the input of 
the voltmeter in the range from 1 kc to 
2 me. For purposes of these tests, the 


nominal calibration voltage was required 
to produce the proper meter reading at 
1,000 cycles. This nominal voltage was 
derived by calculating the attenuation of 
ihe attenuator to be calibrated from its 
measured dc values. The voltage was 
measured at the input end of the input 
cable. Since the cable length of 30 inches 
is quite short at 2 me, it was not neces- 
sary to consider any change due to cable 
mismatch. However, the voltmeter and 
attenuator in combination were adjusted 
so that they presented a 50 -ohm load 
having very low VSWR through mosr of 
the 1,000-mc band. The input cable is a 
special 50-ohm cable made to close tol- 
erances for this application, h is necessary 
to repeat for emphasis at this point, chat 
in any use of che low-level x-f measuring 
device and Throughout all tests and cali- 
bration procedures, the dc resistance of 
the external circuit feeding the device’s 
input cable is 50 ohms, because part of 
the dc return for the diode is through 
this path. The procedures to this point 
have an absolute calibration up to 2 me, 
leaving 998 me to be calibrated. 



figure 2, RF attenuator and voffm^er. 

2 me to 1000 me 

Voltage levels at higher frequencies 
are best measured with a bolometer 
bridge. In this way rhe accurately known 

1.000- cyde voltages can be compared in 
their effect to the higher r-f voltages. 
There is in use in the BRC laboratories 
a specially constructed bolometer bridge 
which operates with more than normal 
seosirivity. This instrument is usable ro 
compare levels of voltage down to 0.03 
volts. Space is not available to describe 
the construction of this special instru- 
ment except to say chat it compares the 
heating effect of accurately measured 

1.000 - cycle voltages to the heating effect 
of r-f voltages up to 1,000 me. Since this 
bridge presents a load resistance of 50 
ohms to a coaxial cable and its response 
is due to a heating effect, it is really a 
power measuring device and must be 
considered as such. The reason for this 
will be developed. 

The r-f voltmeter is fed from a 50- 
ohm source having low VSWR and rhe 
level is adjusted until rhe meter gives 
standard indication. The signal generator 
outpur is then transferred without change 


to the bolometer bridge. The bridge is 
then balanced and the r-f is removed and 
replaced with enough 1,000-cyde energy 
to rebalance the bridge. The 1,000-cyde 
voltage is simultaneously measured on a 
Ballantine voltmeter whose calibration 
has been verified by che precision ac-dc 
calibrator. This voltage will then be a 
measure of the absolute voltage at the 
diode when certain corrections are ap- 
plied. The output of the signal generator 
used was connected, by means of a spe- 
cially adjusted terminating pad at the 
end of rhe coaxial cable, to the input 
cable of rhe low-level r-f voltage device. 

Corrections 

This cable and terminating pad were 
then transferred to the input jack of the 
bolometer. Since this jack is connected 
directly to the bolometer element, loss 
due to attenuation in the inpvir cable of 
che low-level r-f voltage device had to be 
accounted for and subtracted from the 
indicated bolometer reading. This loss in 
the cable was calculated from rhe cable 
manufacturers rated loss per 100 feet 
and a knowledge of ihe cable length. 
The bolometer element is not exception- 
ally well matched compared with the 
low-level r-f voltage device, buc since it 
is a power sensitive device and not a 
voltmeter, a VSWR as high as 1.5 does 
not cause an appreciable error* The 
amount of power reflected from a load 
having a mismatch of 1.5 is 4%. The 
resistance of the bolometer is precisely 
50 ohms at the 1,000-cyclc comparison 
frequency, so that rhe error in voltage is 
only rhe square root of the power error, 
or 2% However, for precise work, rhe 
VSWR characteristic of the bolometer 
musr be determined aod this error taken 
into account. The indication will always 
be lower than actual, because che 
bolometer rejects some of the power 
delivered to it. Therefore, the error muse 
be added ro the indicated results. 

Additional data was derived for de- 
sign of an accurate voltmeter correction 
curve by actually determining rhe reso- 
nant frequency of the voltmeter. This 
was done by scanning the band from 
800 to 3000 me with a microwave sig- 
nal generator which was known to be 
reasonably flar. A pronounced minimum 
in the oueput was observed at 1400 me 
which represented the series resonant 
frequency. This information was used 
to confirm che slope of the curve ob- 
tained from previously used methods. 
While chis type data does not give 
actual quantitative information as to the 
actual magnitude of the resonance, it is 
used to add credence to che previous 
quantitative measurements. 
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Attenuator Design 

The basic concept of the attenuator 
is shown in figure 2. It is a voltage 
divider composed of a 60-ohm resistor 
in series with a 0.0024-ohm resistor. 
The input volrage is fed io across the 
series combination and the output is 
taken across the 0.002 4 -ohm resistor 
Since the 0.0024 ohms is not a signifi- 
cant part of the total resistance, the 
attenuation ratio can be taken merely 
as the ratio of the rwo resistors, which 
in rh is case is 25.000. Of course* each 
of these two eJeraents must be dhe same 
value from dc to 1,000 me in order to 
obtain the desired results. 

For the larger 60- ohm resistor, a nat- 
ural solution was presented in an article 
by D. IL CrosJey and C. H. Peony- 
packer. 1 It was demonstrated mathe- 
matically in ibis work that if: (1) the 
centra) conductor of a coaxial Transmis- 
sion line is a uniform resistive cylinder, 
(2) this transmission line is shorted on 
one end, and (3) the geometric dimen- 
sions of the line are such that its char- 
acteristic impedance X V3 is equal to 
the total series resistance of the central 
conductor; ih is section of line, when 



Figu re a, flf voltage standard-basic circuit. 

viewed from the open end, will look 
like a pure resistor equal to the total 
series resistance of the central conduc- 
tor Compared to its dc value, this re- 
sistor would have a VSWR of L.01 
when the length of the line is less than 
1/100 of the wave length, or less than 
1.03 when the length of the line is less 
chan i/30 of the wave length. The cen- 
tral conductor of this line in practice is 
a glass rod onto which has been evap- 
orated, in a vacuum, a rhin film of 
metal. In rh is case, the film is thin 
enough to be considered without thick- 
ness for skin depth considerations. The 
line is 1 cm long, or 1/ LOO of the wave 
length at 300 me and 1/30 at 1,000 me. 
Therefore, in theory, the resistor is 
within 1% of the dc value at 300 me 
and wirhin 3% at 1,000 me. 

The 0,0024-ohm resistor becomes the 


short circuit at die end of the trans- 
mission line. A natural resistor for this 
type of use is suggested in an article by 
M. C Selby. 2 This resistor consists of 
an annular film of conducting material 
which bridges ihe gap between the in- 
ner and outer conductors of the coaxial 
line. For purposes of evaluation, this 
film can be considered to be a- series 
of square bars whose width Is the film 
thickness. Assuming, for now, uniform 
penetration of current, the inductance 
can be evaluated Consider one bar to 
be called a. Bar a will have mutual in- 
ductance with all other bars. For each 
bar at an angle (f> from a, there will be 
another bar at - <fj from a. These bars 
will have mutual inductance of equal 
value, but will have opposite sign and 
cancel. Bar a will then have mutual 
inductance with a bar 180° from it. 
Assuming chat the inductance of the 
disc is the result of all bars in parallel 
that approximate the disc, (Inductance 
may be actually less than this because 
some area is unaccounted for.) total in- 
ductance is computed as follows: 

d 

L Total g (La -[- Maa* ) 

277* 

la ^ 0.002/ 

21 0.4476 

[log 1 H ] /ih 

0.447d l 

Where: 

d = thickness of bar = 2.5 x lO^ 4 cm 
l = length of bar = 0.25 cm 
r := radius of inner conductor 

= 0.36 cm 

Maaj — —0.002 [(2/ + 2r) log 
(2/-h 2t) + 2r log 2r - 2 

(/ + 2r) log ( / + 2r) ] /xh 
La ^ 1.329 x 10^ 3 /xl\ 

Maa ^ — 5.6 x 10^ 5 /xh 

LA ^ 0.1406 f±ph 

The inductive reactance is 4.36 x 
10" 4 A ac 500 me and 8.72 x 10“^ fl 
at 1,000 me, and is in quadtative with 
the resistance. This results in a L65% 
error in impedance at 500 me and a 
6.25% error at 1,000 me. 

Uniform current in rbe bar is indi- 
cated because the effective skin depth 
in the film at 1,000 me is roughly 2 
times the actual film thickness. It devel- 
ops that when the skin depth is equal 
co the film thickness, the resistance is 
equal to 103% of the dc value, and 
when the skin deprh is equal to twice 
the film thickness, the resistance is 
equal to 101% of the dc value. Since 
the current rends to be more dense on 


the input side of the annular resistor, 
this slight inequality of distribution 
tends to reduce the voltage appearing 
on the side of the film opposite the side 
from which the output is taken. This 
reduction tends to offset the increase 
due to the disc inductance. 

Attenuator Performance Checks 

In addition co checking the voltmeter 
characteristics it is desirable to check 
the attenuation at various frequencies. 
The theoretical attenuation is of course 
derived from accurate and careful dc 
measurements, but the r-f attenuation 
must be ultimately checked by judicious 
comparison with a precision piston at- 
tenuator. The piston attenuator can be 
a rigorously accurate device if used care- 
fully, but it can also be a totally in- 
accurate device if used improperly. Tire 
attenuation of the useful mode m rhe 
circular wave guide is well known, but 
other modes are also propagated into 
the tube under some conditions. These 
modes are all attenuated at a rate higher 
chan the normally used TEj j mode. If 
one does not use rhe attenuator with 
the pmbe too close to the driven end 
of the cube, and if a driving element 
is chosen which is of such geometry as 
to favor the TEj] mode, the calculated 
attenuation rate can be used quite safely. 
Careful checking of small increments 
of the attenuator output in the high out- 
put regions against small precision pads, 
should reveal the region where rhe at- 
tenuation rare starrs to decrease as the 
driven end of the rube is approached. 
This region should be avoided. The 
TEn mode is produced most purely by 
a symmetrically placed driving loop 
whose plane is precisely coincident wirh 
the plane of rhe pick-up loop. The pick- 
up loop should also be symmetrical in 
the tube, 

Tn order to check the low-level r-f 
volrage device's attenuator, a signal gen- 
erator was used ro feed a precision 
piston attenuator. This attenuator out- 
put fed into the device's attenuator 
which in turn fed a very sensitive, 
stable receiver equipped with an easily 
read output meter. The piston arrenua- 
cor output was increased to a level which 
gave a good sound reading above the 
noise On the carefully tuned receiver. 
Care was used to avoid the inaccurate 
region of the piston attenuator. The 
attenuator under test was then removed 
and the piston attenuator withdrawn 
until the receiver was observed to give 
the output reading it formerly had 
given. The measured attenuation was 
then the total length traveled by rhe 
piston times the attenuation per uru'r 
length. Using rhjs procedure, the abso- 
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lure attenuation of the piston is of no 
interest In order that this replacement 
be valid, the piston attenuator output 
must be adjusted to 50 ohms. Fortu- 
nately, receivers operating at these 
microvolt levels arc square-law detectors 
and therefore power measuring devices. 
Tliis being the case, slight differences 
in mismatch between the output of the 
piston attenuator and the devices at' 
remiator do not matter. The low-level 
r-f voltage device used as a srandard at 
BRC checked against the piston ar- 
renuaior within the readability of the 
measurement. 

Standard Unit 

The above tesrs were performed on a 
number of low-level r-f voltage devices 
and the best unit, in our judgment, has 
been retained as a standard. To control 
the quality of further units, it was neces- 
sary to determine to what precision the 
outputs of the various production units 
could be compared with this standard 
unit, considering the equipment to be 
used and the personnel who would be 
likely to make the tests. 

The merer of the srandard unit differs 
from a production model in chat it is 
calibrated in percentage deviation from 
standard input. This is used to indicate 
how much the input voltage of the 
standard must be changed to produce 
an output which will have rhe same ef- 
fect in a receiver as a unit under test 
If the meter reads zero error, the unit 
is considered to be identical w *h the 
test unit at the test frequency. Of course, 
test frequencies are spotted all through 
the 0.1 through l,00(Lmc band. To eval- 
uate the precision to be expected, a con- 
siderable number of units were run 
through the same comparison tests three 
times by four different persons who are 
expected to run these tests during pro- 
duction. The results of these tests, shown 
in figures 4 and 5, were used to improve 
the operation of the receiver equipment 
in regions where the spread was unrea- 
sonable, and to incorporate the subse- 
quent reasonable spread in the accuracy 
specifications to be published on the 
instrument. This tends to make the ac- 
curacy rating worse than It probably is, 
but in a device such as this these find- 
ings should be considered. 


RF Voltage Standard Type 245-B 

Articles concerning the design and 
application of rhe Type 245-B RF Vol- 
tage Srandard have appeared in previous 
issues of the Notebook. Briefly, the 
instrument is a very fine attenuator 
used in combination with a carefully 
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calibrated r-f voltmeter. When used in 
conjunction with a signal generator 
capable of producing 0.1 volt across a 
50-ohm load, this device can serve as 
an indicator of the proper level which 
is to be fed to the fixed precision at- 
tenuator built into the device. The 
245-A will deliver 2, 1, or 0.5 juv (de- 
pending on rhe voltmeter range se- 
lected) from the 50-ohm output cable 
of the internal precision attenuator. 
These levels can be considered standard 
levels, which are independent of the 
age, condition, or state of calibration of 
rhe signal generator used. The only 
limitation to be placed on rhe signal 
generator is that it have a dc output 
resistance of roughly 50 ohms (30-70). 


The instrument is light-weight, oper- 
ated from battery power, and small 
enough to be carried in a shoe box to 
the most remote locations. Using what- 
ever generator may be on hand, the 
performance of rhe generator, or more 
important rhe performance of the re- 
ceiving station, can be evaluated and 
compared with equipment in other 
locations. 

Conclusion 

It is appaxeor that measuring accu- 
rate voltage levels at frequencies of 
UHF and below is tedious aod time 
consuming. The care which has been 
taken tn its calibration should serve as 
encouragement to those who are will- 


ing to accept the Type 245-B RF Vol- 
tage Standard as a standard. 
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The Use Of Standards With A Film Gauge 
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The Film Gauge, Type 255-A can be 
used for measuring film thicknesses of 
a variery of film-basis combinations, 
whether rhey be conductive films on 
nonconducrlve basis, conductive films on 
conductive basis, or nonconducrive films 
on conductive basis. However, a cali- 
brated srandard is required for nearly 
every film-basis combination, if abso- 
lute measurements are to be undertaken. 
The preparation of these standards can 
usually be carried out by the user with- 
out too much difficulty. This article 
describes a few new kinds of standards, 
and gives a few pointers on how to in- 
crease the utility of prepared standards. 
The actual preparation of standards has 
already been covered in previous issues 
of the Notebook. 2 

Actual Basis Material Slightly 
Different From The One Used 
On The Standard Card 

The basis and plating materials of the 
piece to be measured and rhe standards 
should be identical if the meter readings 
are to have any value. However, if rhe 
basis materials are not too different the 
instrument can still be made co give 
useful readings with the balancing pro- 
cedure slightly modified as follows: 

Set up and calibrate the instrument 
in the normal manner, using rhe samples 
on rhe standard card. 

Without touching any controls, move 
the probe to a sample of the baae basis 
material actually used in the work. If 
rhe merer reading is not more than 
approximately one- ha If scale, the stan- 


dard can be used with the new basis 
material. 

With the probe on the new basis, 
re zero the instrument using only the 
SET BASIS control. The errors intro- 
duced by this small shift in rhe 2 ero 
point arc negligible. This method js 
applicable both on combinations having 
rhe same kind of conductive plating, or 
where che coating is a nonconductor 
(i.e., painr, ceramic, plastic, anodizing, 
etc.). In the latter case, che basis ma- 
terials can differ by somewhat more 
than one -ha If scale; e.g,, standards with 
an aluminum basis work perfectly on 
brass. The same procedure can also be 
followed for work which is aor per- 
fectly flat. 

Inhomogeneous Basis Material 

The situation is somewhat similar if 
rhe acrual basts materials happen to be 
nonuniform (cold formed steels are no- 
torious in this respect). The uniformity 
and variations-from-norm of the basis 
material can be checked by noting rhe 
255-A readings on different spots or 
pieces of basis macerial. If a piece of 
coated material and one of che bare 
basis (identical co rhe basis on che first) 
are available, the feasibility of using the 
Film Gauge for film thickness measure- 
ment can be ascertained as follows: 

Set up the instrument and adjust the 
sensitivity by means of rhe SET STAND- 
ARD control, unriJ a nearly full-scale 
deflection is obtained with rhe thickest 
expected coating. 

With these adjustments, analyze the 


acrual basis materials co be used in the 
coating process. If die readings on the 
various basis pieces do not vary more 
than 10° from zero (basis), then the 
errors in thickness measurement should 
not become excessive. The readings will 
be unreliable for very chin coatings, 
where rhe deflections due co oonuni- 
formiries of che basis are comparable 
to those due to the coating. Tire read- 
ings above half-scale do however, give 
a reasonably true indication of film 
thickness. 

Ferromagnetic Materials 

Care should be exercised when measur- 
ing ferromagnetic basis and coating ma- 
terials, to make certain that readings 
are ever increasing with coating thick- 
ness. Use a series of samples of known 
coating thicknesses for this purpose, If 
there is a dip, or even an apparent 
plareau in the thick ness- reading curve, 
a reversal or a loop in the unrecrified 
thickness-reading curve is indicated for 
this range of thicknesses and for the 
frequency being used. The meter circuit 
of the 255-A contains a recrifier, aod 
therefore the instrument is incapable 
of distinquishjng between positive and 
negative readings: both show up as 
positive. This results in ambiguities 
in calibration, producing identical rec- 
tified readings ac three different thick- 
nesses, If similar results are obtained ac 
the other frequency position on the 
255-A, rhe combination cannot be han- 
dled by the instrument. 1c should be 
noted however, that these ambiguous 
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loops io the calibration curve do not 
normally show up in both positions of 
ihc GAUGE HEAD selector switch; at 
least not for the same thicknesses. 

Synthetic Standard* 

Several of the common plating metals 
are rather soft; e.g., silver, cadjnium, 
etc., and calibration standards using thin 
films of these materials will have a 
limited lifetime of usefulness because 
of wear at the point of contact with t lie 
probe spacer rod. However, these plated 
samples can be simulated by homogen- 
eous specimens (see Figure 1). 

Once the calibration of the 255- A has 
been determined using the actual plated 
standards, a piece of a third material 
can usually be found that will give a 
deflection close to the thick end of the 
scale. After apparent thickness of this 
piece of material is noted, it can be used, 
together with a sample of the actual 
basis material, for calibrating the instru- 
ment. The original plated samples can 
be filed as "prime standards" and used 
only for preparing and checking cali- 
brat ion curves. 

Since there is a multitude of alloy ma- 
terials available (c.g., aluminum, brasses, 
bronzes, nickel silver, etc.), it should not 
prove coo difficult to find suitable 
synthetic standards. 

Because the synthetic standards are 
homogenous, wear caused by the probe 
tip will not change their conductivity 
and their "apparent thickness”. 

If possible, the synthetic piece should 
have a conductivity between char of the 
basis and plating materials. The "syn- 
thetic thickness" holds only for the fre- 
quency ar which it was calibrated. A 
change in test frequency, will change 
the "apparent thickness" appreciably. 

Extremely Thin Conductive Films 

Measurement of extremely Ehln con- 
ductive films (less than one- tenth maxi- 
mum measurable thickness) by the con- 
ventional method; i.e., with the instru- 
ment balanced on the bare basis, usually 
does nor give good resulrs, particularly 
if the basis is also conductive. One of 
rhe main reasons for this is the reduced 
sensitivity of rhe instrument at low 
meter readings. 

Improved sensitivity can be obtained 
by using a modified calibration tech- 
nique. Instead of initially balancing the 
instrument on the bare basis, a suf- 
ficiently thick (more than the pene- 
tration depth) film of rhe coating ma- 
terial is used for the reference point. 
The instrument is balanced first on this 
thick sample, then the probe is moved 
to the thinnest sample and the sensi- 
tivity adjusted to give a reading near 
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figure I. Gauge standard card utilizing synthetic material far plated sample*. 


can be cemented on the card in the 
space provided for the basis, and rhe 
instrument can be used in rhe usual 
fashion. Using this technique, the meter 
readings will be "upside down” (see 
figure 3.) compared to rhe normal 
method; i.e., thickest film at the top, 
thinnest at the borroru. 

A thick, placed or deposited film is 
used for the reference instead of a solid 
slab of the film material, because de- 
posited films are apt to differ some- 
what from solid stock, leading to inac- 
curacies in measurement. 

If it is desired to measure rhin plated 
films; i.e., conductive films on conduc- 
tive basis, a further refinement is ad- 
visable. The thinner the placing, rhe 
more sensitive the instrument becomes 
to variations in the basis metal. There- 
fore, to eliminate reading errors that 




figure 2. Typical samples at calibration curves. 

full scale. Wirh this setting rhe rwo 
intermediate thicknesses required for the 
generation of a calibration curve (fig- 
ure 2) are measured. After the calibra- 
tion has been established, rhe thick film 
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may be introduced because of variations 
of the basis, the last (thinnest) speci- 
men of plating should be replaced with 
a piece of the bare basis. The calibrat- 
ing or measuring procedure will be as 
follows; 

Balance the instrument on the thick- 
est film, using the SET BASIS control. 

Adjust the sensitivity on the bare 
basis with the SET STANDARD con- 
trol, If the actual basis should be slightly 
different from the one used in the stand- 
ards, the instrument can be "touched 
up" by placing the probe on a piece of 
actual basis materia) and adjusting the 
SET BASIS control until the meter 
reading is the same as required by the 


standard. In doing this, be careful to 
keep the instrument tuned to the proper 
side of zero, i.e., in the direction where 
the meter does not pass through zero at 
the top end of the scale. 

Thin Conductive Films 
On Nonconductors 

Metal foils and mecalliziog are con- 
sidered thin conductive films On non- 
conductors. It has been found that read- 
ings obtained for tins type of film are 
rather insensitive to rhe probe-foil spac- 
ing. The readings remain unchanged 
from contact between probe and foil to 
a clearance of about %-j inch. Calibra- 


tion of the instrument for this type of 
film can be performed simply by using 
mulriple thicknesses of the foil to estab- 
lish the calibration point. Imperfect con- 
tact between layers does not show up on 
the 25 5 -A. Ibis insensitivity of spacing 
makes possible rhe use of rhe instrument 
as a oonconcaccing foil thickness gauge. 
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BRC Celebrates Shipment Of Its 10,000th Q Meter 

FRANK P. MONTESION, Editor, The Notebook 


On May 10, 1957, Boonron Radio 
Corporation commemorated its 2 3rd year 
in the instrument design and manufac- 
turing field with the shipment of its 
1 0,000th Q Meter. The occasion was 
marked at a special ceremony held ar the 
Company's plant. Highlighting rhe cere- 
mony were brief congratulatory talks by 
Mrs. W. D. Loughlin, widow of the 
founder of the company, and Dr. G, 
A. Dovvnsbrough, President and General 
Manager of BRC. Dr. Downsbrough 
told the company employees that the 
10,000th Q Merer would be given to 
Rutgers University, the State University 
of New Jersey, for use in ics engineering 
laboratories. "It is befitriag," he said, 
"that this instrument be given to an 
institution of higher learning, and that 
the institution be located in New Jersey, 
where BRC was established and still 
makes its home." 

Following the talks by Mrs. Lough) in 
and Dr. Downsbrough, was a calk by 
Mr. Lawrence Cook, Quality Control 
Engineer and BRCs senior employee. 
Mr, Cook related some imeresciog and 
amusing facts about the company's rise 
from a six-employee* one- telephone con- 
cern to a full-grown manufacturing 
organisation. The celebrarion ended with 
the serving of refreshments to all com- 
pany employees. 

Q-Meter History 

The Q Meter was the first instrument 
to be designed and produced by BRC 
after the company was established back 
in 1934 by Mr, William D. Loughlin 
and several of his associates. Since that 
time, the words "Q Meter” and "Boon- 
ron Radio Corporation" have become 



Figure J, Prior to shipment I o Rutgers Univer- 
sity in New Jersey, SRC's U>, 600th Q -Meter is 
viewed by, left fa right, Mr, L. Cook, Quality 
Control Engineer, Dr . G. A, Downsbrough, 
President and General Manager of BRC, Mr . S. 
Barth, Inspection Foreman, and Mr. X. O ‘Grady, 
Sfiippmtj Foreman, 

almost synonymous. 

At the time BRC was established, Q 
measurement methods were complicated, 
rime- consuming, and often unreliable. 
The need for improved technjques was 


certainly eminent. Actually, the design 
of rhe Q Meter was undertaken ro solve 
a specific problem encountered by a 
local concern engaged in the manufac- 
ture of hard- rubber coil forms. These 
coil forms were iospected by this com- 
pany and met all of its requirements. 
However, when the forms were inspected 
by rhe purchasers, many were returned 
because they did nor meet requirements. 
Investigation revealed that test instru- 
ments and techniques used by [he 
manufacturer of the coils and rhe pur- 
chasers were different and therefore 
produced results which were not always 
the same. The problem of BRCs 
engineering staff then was to establish 
standard techniques for measuring Q. 
This was accomplished* and the operat- 
ing principal and unique possibilities of 
rhe first Q Merer, Type 100-A, wertr 
presented in November 1 934 , at the 
Institute of Radio Engineers' fall meet- 
ing held in Rochester, N. Y> Soon after- 
ward, the instrument was accepted as a 
standard by industry and research 




Figure 2. The Q-Meter has come a long way since 1934, 
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Q Meter Winner 


laboratories. Engineers and technicians 
in the growing radio industry received 
it enthusiastically. 

With the advent of the Q Merer, 
simple, rapid, and accurate Q measure- 
ments became a reality. In the years that 
followed, improved models and broad- 
ened applications were introduced ro 
keep pace with a rapidly growing in- 
dustry (See figure 2), The Type 160-A 
Q Meter introduced in 1939, featured 
improved thermocouple shielding, more 
sensitive meters, and improved tuning 
capacitor design, adding together to 
provide for a much higher degree of 
accuracy in the high frequency range In 
the early years of World War II, another 
Q Meter, Type 1 70- A, was designed to 
handle measurements in the very high 
frequency range. More recently, the 
160-A and the 170-A were superseded 
by the 260-A and 190-A respectively, 
the larter instruments including such 
modifications as: "Lo Q" and “AQ" 
scales, protection against thermocouple 
overload, power supply regulation, im- 
proved accuracy through the use of a 
newly developed annular insertion re- 
sistor, and other useful features. 

Other Instruments 

From this article, one might suppose 
that all of BRC's efforts during the 
twenty-three years since its establish- 
ment have been directed toward the- 
development of the Q Meter. This is not 
the case. The engineering staff at BRC 
has been engaged in the development 0 / 
numerous other electronic instruments 
which have found their way to elec- 
cron ic laboratories around the world. 


"The Q Meter is one of rhe basic 
instruments for any electronic laboratory 
and many hours of use have taught me 
co respect its accuracy and adaptability." 
Music to the ears of the BRC Sales and 
Engineering Departments were these 
words wrirten by Mr. George S. Scholl 
winner of the Q Meter contest sponsored 
by BRC during the IRJE convention in 
New York City last March, With his 
esrimate of 338, Mr. Scholl outguessed 
almost L,600 other hopefuls in trying to 
guess the Q of a coil displayed at che 
convention. Actual Q of the coil, as 
measured at BRC, was 336.7. 

Mr. Scholl writes that he was born in 
Charleston, Wesr Virgioia and raised in 
Charlotte, North Carolina. After serving 


in the U. S Army during World War 11, 
he earned his BS degree in Physics in 
1948 at che Universiry of North Car- 
olina. During che next few years, he 
was employed as a physicist at the (J. S. 
Naval Ordnance Laboratory. He re- 
turned to UNC for rwo years graduate 
work, earning his MS in Physics in 
1953 He worked again at NOL, cb is 
time as an electronic engineer, until 
1956 when he joined the American 
Machine and Foundry Co., Alexandria, 
Virginia, where he is currently engaged 
in the development of instrumentation 
for measurement of air blast pressures. 
Mr. Scholl is married, has no children, 
and asserts that his chief hobby is 
"just relaxing." 



Mr, George S. Scho/f, Research Engineer with the American Machine and Foundry Co. of 
Alexandria, Va, t « shown with the Type ) 60 -A Q-Metor he won with Ji/j Q estimate, of o co U 
displayed in the BRC booth at the /RE show in Now York last March. 
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Calibrating An Inductance Standard 

JAMES E. WACHTER, Project Engineer 


Definition of Inductance Standard 

Ask an engineer for the definition of 
an inductance standard and he wiU prob- 
ably tell you that ir is a coil or inductor 
having an accurately known, highly 
stable inductance, lids is rhe definition 
implied. However, a berter definition 
would be, an inductor having highly 
stable and accurately determined param- 
eters; i.e., inductance (L), distributed 
capacitance (Cd), and resistance (R). 

In such a standard, rhe parameters L 
and Cd are readily measured but the 
accurate measurement of R is extremely 
difficult. This is true because, in general, 
the more useful coils have a relatively 
high Q and consequently a very small 
value of R. R is so small in fact, that it 
is often swamped by the losses in any 
measuring equipment used, and there- 
fore is very difficult ro isolate. Since Q 

is a function of R (Q =-^) > it follows 

that if Q and L can be determined, the 
value of R is firmly fixed. 

Methods for Measuring Q 

The problem now is to measure Q. 
An investigation into the possible 
methods of measuring Q has been made 
and the following conclusions drawn; 

1. The frequency variation method in- 
volves rhe ratio of the frequency at 
resonance to the difference in fre- 
quency between the two half- power 
points on the Q-versus-frequency 
curve. This method was found un- 
suitable because of the variation of 
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Figure T. 77ie author shown determining C at a V D /V ratio, using the modified 
and specially calibrated Q -Meter. 


impedance of the Q circuit with fre- 
quency and the fact that the resonant 
frequency is different from the fre- 
quency for maximum voltage. 

2. Injecting an AM signal into the Q 
circuit and measuring the artenuation 
of the side bands was rejected be- 
cause errors in the amplitude of the 
side bands are caused both by cou- 
pling ro the Q circuit and any asym- 
metry of modulation. 

3. Injecting an AM signal into the Q 
circuit and measuring rhe phase angle 
of rhe detected signal was also re- 
jected due to rhe error introduced in 
coupling to the Q circuit and the 
difficulty in accurately measuring the 
phase angle. 

4. Q as determined from measurements 
on a BRC G-Mecer, Type 192-A, is 
quite accurate and not difficult to 
determine, but because the G-Merer 
provides only two measurement fre- 
quencies, 1 me and 30 me, this means 


was found unsuitable as a general 
method, 

3. A variation of the 'Q by C" method 
was found to be most suitable, be- 
cause the frequency remains fixed for 
these measurements, and the effects 
on the Q circuit due to varying fre- 
quency are eliminated. Also, the 
measurement requires basically an 
injection system, a Q circuit with a 
variable capacitor, and an oscillator, 
all of which are available in a Q- 
Meter. 

Q Defined 


Up to this point, the term "Q M has 
been used rather loosely. To aid in this 
discussion, it might be well to define 
here the several terms of Q with which 
we will be dealing: 


Q — true Q of the inductor; i.e., 


cuL 

R 


Q,. — effective Q; i,e.. the Q of rhe 
inductor mounted on a Q meter, 
exclusive of all Q-Merer losses. 






BOONTON RADIO CORPORATION 


THE BRC NOTEBOOK is published 
four limes a year by the Boonton Rjtdto 
Corporation. It is mailed free of charge 
to scientists, engineers and other inter* 
estcd persons in she communications 
and electronics fields. The consents may 
be - reprinted only with written permis- 
sion from the editor . Your comments 
and suggestions are welcome, and 
should be addressed to: Editor, THE 
BRC NOTEBOOK t Boonton Radio 
Corporation, Boonton, N. J. 


Q,. — circuit Q; i.e., the Q of the Q- 
Meter resonant circuit, including 
the inductor. 

Qi — indicated Q; i.e., the Q of the 
Q-Merer resonant circuit as in- 
dicated by the meter This value 
includes the calibration errors of 
the Q-Meter. 

Determination of Q 

From the preceding definitions, it is 
seen that Q 0f the Q that the inductor 
appears CO have when associated with 
additional circuitry, is rhe most useful 
value. If necessary, true Q can be de- 
rived from this value. To measure Q<,, 
a substitution method is used whereby 
the conductance of the Q circuit is deter- 
mined first with a well shielded Jhigh-Q 
coil and again with the same high-Q coil 
plus the inductor being evaluated. The 
difference berween the two determina- 
tions is the conductance of the unknown. 
This can be shown mathematically. 
Referring to the voltage-versus-capact- 
tance curve (Figure 2) of the Q-Mecer 
tank circuit, the conductance of the Q 
circuit with the high-Q coil can be 
expressed as: 



The conductance with che rwo coils is 
then : 



If rhe ratio is made equal to 


V H 

V? 


then the conductance of the 


unknown is: 

( 3 ) — G- — C] 


e>(ACw — AC]) 



With the conductance of ihe inductor 
known, ic is a simple step to compute 
the effective Q: 


(4) Q 0 , 


CQ C r) 
G v 


It should be noted that the inductor 
should have a Q of more than 1 00, since 
the foregoing equations have been de- 
rived using this assumption. 

While the preceding analysis is 
straightforward, the actual measure- 
ments are involved. From equations 
(3) and (4) it is seen that because (o 
is readily determined to a high degree 
of accuracy using a crystal frequency 
calibrator or frequency counter, the 
overall accuracy is dependent upon the 
determination of C 0 , AC, and V n /V and 
the ability co repeat specific ratios of 

v,/v. 



F igute 2, VoJtage versus capacitance carve o/ 
a Q -Meter tank circuit. 

To make the measurements we have 
used a modified and specially calibrated 
Q-Meter (Figure 1). Additional bind- 
ing posts have been added to permit 
mounting two coils; one in the normal 
manner and the other from the HI post 
to ground. A means has been provided 
whereby rhe Q-Merer B-f- voltage is 
externally regulated and monirored. 
Direct connection may be made to the 
cathode of the Q-voltmeter tube. In ad- 
dition, a calibrated high -ratio gear drive 
is used to operate che main Q-capacitor 
and a parallel group of three micrometer 
type vernier capacitors, having a rota! 
range of about lOOjUjaf, replaces the 
usual vernier. This permits the main 
run mg dial co remain in a fixed position 
while a wide range of AC readings is 
made. 


Voltage Ratio 

Setting up the V\,'V ratios neces- 
sitates rhe use of two specialized pieces 
of equipment; no instrument to provide 
precise levels of a 1000 cps signal 
( voltage calibrator) and an instrument 
ro provide several very stable DC volt- 
ages (bucking voltage source) . Ihe 1 000 
cps source is used to calibrate rhe DC 
source in the following manner: The 
1000 cps source is connected to the 
capacitor terminals of the Q-Meter, 
whose oscillator is made inoperative by 
setting between ranges. The DC source 
is connected Through a microammetcr 
to the cathode of che Q-vokmeter tube 
(See figure 3). Q-Meter zero is ac- 
curately set and periodically checked. 
The Q-Meter B+ supply voltage is also 
checked periodically to insure stable 
conditions, The level of the 1000 cps 
signal is adjusted to give a reading well 
up the Q scale of rhe Q-votcmeter. This 
is the resonance reference V„ = 1. 

The DC source is rheQ adjusted, in the 
I position, co gtve a zero reading on rhe 
microammeter in che lead ro die Q- 
voltmercr rube, indicating that the volt- 
age is of rhe same level as che voltage 
delivered to the Q- voltmeter. The 1000 
cps source is now set to give exactly 0.9 
of the previous signal and the DC source 
is switched to rhe next output and ad- 
justed for zero meter reading. This is 
repeated for several levels; i.e., 0.8, 0.7, 
0 . 6 . 

It can be seen rhat the DC source is 
now a memory for the various voltages 
appearing across the Q-Meter ruoing 
capacitor, enabling the user to set and 
reset precisely co any desired voltage. 

With the 1000 cps source removed 
and the Q-Meter oscillator set to rhe 
desired rest frequency, the inducror (or 
inductors ) to be measured is connected 
and the Q-Meter is resonated with the 
main and vernier capacitors. Capacitor 
settings are recorded and correspond to 
the resonating capacitance C (> . The DC 
source is set to the 1 reference position 
and rhe Q-Meter XQ level is adjusted 
to give a zero reading on the micro- 
ammeter. The DC source is then 
switched to the 09 reference position 
and the Q-Merer is detuned on either 
side of resonance, using rhe vernier ca- 
pacitors. The difference between the 
capacitor settings, at rhe point on cirher 
side of resonance where the current 
meter reads zero, is the AC value for 
rhe ratio V 4 ,/V = 0.9. These capacitor 
settings are also recorded, and rhe pro- 
cedure is repeated for the V,,/V ratios 
of 0.8, 0.7, etc. 
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Del erm him g Capri ciian c e 

AH that remains is to accurately deter- 
mine the ca pat i ranee ar the recorded 
capacitor settings before applying equa- 
tions ( 3 ) and (4 ) . 

Modifications made ro the Q-capaci- 
tors permit settings to be repeated ro a 
very fine degree. This is necessary, 
because if is required rhar the Q- Meter 
be turned off to calibrate the capacitor. 

The acrual capacitance is measured by 
connecting a sensitive capacitance bridge 
to the capacitance terminals of the Q- 
Meter whose capacitors are set to a 
previously recorded value. The bridge is 
then balanced using a precision ca- 
pacitor. All known corrections to the 
precision capacitor are applied and cor- 
rection for the leads from the bridge to 
rhe Q- Merer is made. 

The preceding is sufficient for the 
difference in capacitance (AC) data, 
but for absolute capacitance (C n ) data; 
additional corrections are necessary. A 
correction for die Q-voh meter level is 
required, because the Q capacitance is 
measured wirh the Q-Mcter turned off. 
This correction is determined through 
rhe use of a second Q-Meter (No. 2), 
The oscillator of the Q-Metex to be 
checked is disabled (set between ranges) 
and the capacitance terminals of this Q- 
Merer arc connected to those of Q- Merer 
No. 2. Number 2 Q- Merer has a coil 
connected in its tank circuir and its 
oscillator is operated at rhe test fre- 
quency. The coil is selected so that some 
low value of capacitance is required to 
resonate with it. If the capacitance re- 
quired is HOfJLjJL^ then about 4Qjcquf will 
be supplied by the Q -capacitor of each 
Q-Meter. 

The Q-Meter under test is turned off 
and its vernier capacitors are used to 
resonate the tank circuit of Q-Meter 
No. 2; then it is turned on again, and 
the process is repeated. The difference 
in the two settings of the vernier is the 
capacitance attributable to the Q- volt- 
meter at the particular voltage (or Q) 
level. Different voltage levels can be 
selected by changing rhe setting of rhe 
XQ control on Q-Meter No. 2 and the 
capacitance correction versus Q level can 
be plotted as shown in Figure 4- 

A final correction to the capacitance 
values may be necessary. When the Q- 
capacitor of a Q-Meter is calibrated, 
some small capacitance existing between 
the Q-Meter HI terminal and the cabinet 
(ground) is included in the calibration. 
A shielded cod connected ro rhe coil 
terminals of the Q-Meter (shield con- 
nected to rhe LO terminal ), causes some 
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Figure 3. Connections used for setting up V fl /V ratios. 


of the capacitance to shift from HI 
terminal ro cabinet, to HI terminal to 
shield. Tli is is called the pro-vi roicy 
effect and is exceedingly difficult to 
define. In all bur the most rigorous 
determinations, rhis effect may be neg- 
lected without seriously affecting the 
accuracy of the result. Without develop- 
ing a lengthy and involved procedure 
for determining this effect, it may be 
said that generally any shielded coil hav- 
ing overall dimensions similar to the 
shielded coils manufactured by Boon ton 
Radio Corporation (3-inch diameter 
shield cans) will produce a proximity 
effect of approximately — 0 when 
mounted on a Q- Merer with the coil 
base about I inch above the Q-Meter 
rop panel. The figure will decrease with 
a decrease in the shield can diameter or 
an increase in rhe distance between the 
shield can and rhe Q-Mecer. 

Recapitulating the capacitance cor- 
rections: 

C| — Capacitance indicated by Q- 
Meter Q- capacitor. 

=±C,. — Correction indicated by pre- 
cision capacitor. 

3 : Ci — Correction for leads from 
capacitance bridge to Q- 
Meter. 

— C r — Correction for Q-volcmeter 
level. 

—C^ — Correction for proximity 
effect. 

It should be noted that for best results 
all measurements should be conducted 
in a temperature and humidity con- 
trolled atmosphere so that both rhe in- 
ductor under rest and the measuring 
equipment are noc affected by these 
conditions. 

The AC values derived using the de- 
scribed procedures are used in equation 
(3 ) and a value of G x is obtained for 
each V,yV ratio. An indication of the 
care and accuracy of measurement is ap- 
parent by the degree of coincidence of 
the several values of G* for each test 
frequency. The C„ value measured ac 
each test frequency is used in conjunc- 
tion with the average G jV value for chat 
frequency in equation (4) to yield the 


effective Q of the inductor. 

True inductance and distributed ca- 
pacitance of rhe inductor can be found 
by applying data obtained from the 
previous measurements to the following 
equations: 


(5) L = 


l <_r V 

4 7T- (Cm| — C M j) 


( 6 ) 


Q,= 


C., - n*G,> 

n' J ■ — I 


Where: 

C.t and Gc arc the capacitances neces- 
sary ro resonate the coil at frequencies 
fi and R respectively, and n is the ratio 
of G to fi. 



Figure 4. Capacitance correction verms Q-Leve) 
curve for a Q -Meter. 


All of the true and effeaive para- 
meters may now be determined by 
applying rhe following equations; 

(7) Effective inductance (L,.) = 

L 

1 — a>' J Cd 

(8) Effective resistance (R t .) = 

o>U _ R 

Q,- (l — oj-LCi) 2 

(9) TrueQ = ^^Q„n+^) 
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BRC Q-Sfandard, Type 513-A ( 14) L x = 


A specific example of an inductor 
developed through use of the described 
merhods is rhe BRC Q-Standaid, Type 
513-A. Hie nameplate information for 
this inductor includes L, Q> at three 
frequencies, and another term, Qj, at 
rhe same three frequencies. In this case, 
Qj is the Q that would be indicated by 
a Q-Meter having average loss and zero 
calibration error. The Q t information 
was derived through an analysis of pro- 
duction indicared Q checks made on Q- 
Merers manufactured by BRC and relat- 
ing rhe result to the measured Q,. value. 
Of course, in production the procedures 
just outlined would be unpractical, 
therefore, a comparison method was de- 
veloped. Ar each of the three frequen- 
cies involved, the production coil is 
compared to a standard, which has been 
established using the rigorous method 
described above. A precisely calibrated 
Q-Meter is used for the comparison, 
although its accuracy has only higher 
order effects on rhe results. 

Suppose that at one of rhe frequencies, 
the difference between the production 
coil and the standard, as compared on a 
Q-Meier v is given by AC and AQ. The 
functions of standard and production 
coils would then be defined as follows: 



Known 

Unknown 


Standard 

Production 

Function 

Coil 

Coil 

Indicated Q 

Q t 

Qix 

Resonating C 

c„ 

Cox 

Effective Q 

Q« 

Qev 


Where: 

(10) Qiy = Qi + AQ 

(11) C,* = C„ + AC 

(12) Q,* = 


<u ( f ... -f- At . ) 


tut.. tu(.ii n 


*Q ) ,1 

Q- + Q. r AQ LI 

! • c„ /' 

' Q. + AqI J 


Using the same process to obtain differ- 
ence data at the other two frequencies, 
can be found at each frequency. 
Distributed capacitance and inductance 
of the unknown are given by: 

(13) C|\ = 

(C,,t ~\- ACi ) — m ( c„ -\- AC'_0 , 

and 

n- — J 


J 

ft 2 fy 

+ AC, ) - (C„, + AC,)] 

Where the subscripts 1 and 2 refer to 
measurements at 2 frequencies. 

To reduce the possibility of errors in 
manipulation, equations (12), (13), 
and (14) have been transformed to 
nomograms for use by production per- 
sonnel (See Figure 5)- 



figure S. BRC inspector shewn using a nomo- 
gram to determine the effective Q of a Type 
5J3-A inductor. 

A great deal of care has been taken in 
the physical design and manufacture of 
the Q-Standards to insure their stability. 
The coil form is mounted on a copper 
base, which is fitted ro a shield can. The 
unit is hermetically sealed, evacuated, 
and filled with an inert gas to a pressure 
of I psi above atmospheric pressure. 
Leads are brought through the base to 
banana plug connectors, which may be 
replaced without breaking rhe seal. The 
high potential connector is isolated from 
the base by a low-loss ceramic seal. 

The care taken in determination and 
production of the Q-Standards is attested 
to by the fact that nor a single coil has 
been returned for mechanical failure or 
deterioration of electrical specifications. 
In some cases, Q-Standard users involved 
in government work have been required 
by the cognizant government agency to 
have their Q-Standards periodically re- 
checked by BRC. In each such case ii lias 
been found that the nameplate informa- 
tion was well w'ithin the original spe- 
cif icarion tolerance and no corrections of 
any kind were required. 
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fiCIC manufactures Iwo Q-Standardi; The Type 
513-A, discussed i« the above article, and the 
Type 51BA. Each Tyi>e 513 A Q-Standard E& 
Individually calibrated and marked v/»lh Its true 
inductance (L). dis'ributed capacitance (C d ), 
affective Q{Q a ), ond indfcaled 0(0,) at 0.5. 
UO. and 1.5 mogocyrlej;, Because these para- 
meters are accutaluly known ond highly stable, 
this standard may be used for providing pre- 
cisely known supplementary Q-circuit Inductance 
dasireoble for many impedance meosuremcnl* 
by the parallel method, as well as means for 
checking i ho Type 2 60- A and )6D-A G- Meiers. 
The Type 51&-A Q-Stondord on the other hand 
Is a precision Inductor designed primarily for 
Uia in checking I he overall OpOfotlng accuracy 
of G-Meters Type 260-A and 160-A. 
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A Linear Detector for FM Deviation Measurements 

FRANK P. MONTESION, Editor The Notebook 



Figure 1. Type 20Q-A FM linegr Detector. 


With the development of the Type 
202 FM Signal Generators in L 946, 
there arose a need for a device for the 
precision measurement of frequency 
deviation. Such a device would be re- 
quired to provide laboratory accuracy 
and, at the same rime, had io be simple 
and convenient for direct use on the 
production line. A detailed survey of 
available instrumentation revealed rhar 
such an instrument was not available and 
work was carried our at BRC on the 
development of this laboratory cool, con- 
current with rhe development of che 
FM Signal Generator. 

The result of this project was an early 
prototype unit, which over che years has 
undergone constant redesign and im- 
provement to become known as rhe 
BRC Type 208- A FM Linear Detector. 
These instruments have been in constant 
use in our srandards laboratory and engi- 
neering and production departments 
during this period, and are currently 
used to calibrate the Types 202 -E and 
202-F, FM-AM Signal Generators. 

Ac the request of several customers 
who had a need to perform similar 
measurement of frequency deviation, rhe 
Type 208- A FM Linear Detector has 
been put into production and is now 
available for sale. 


Operating Principles 


The basic circuit elements of the FM 
Linear Detector are shown in block 
diagram form in Figure 2. The RP oscil- 
lator, doubler, amplifier-doubler, mixer, 
and RJF amplifier stages of the Linear 
Detector are conventional circuits that 
operate to produce a signal usable for 
detection purposes. Acrual detection is 
accomplished in the limiter and discrim- 
inator circuits shown in simplified 
schematic form in Figure 3- A type 6C4 
triode, runed over a frequency range of 
27 to 54 megacycles is used as an RF 
oscillator. The output from the RF oscil- 
lator is fed to a Class C frequency- 
doubling stage runed to the second har- 
monic of the oscillator frequency 04 to 
108 megagcycles) which drives a Gass 
C stage operating as a frequency dou- 
bling stage on the high frequency range 


( 108 to 216 megacycles). The RF our- 
put from the doubler-amplifier stages, 
togerher with the output of rhe FM 
signal generator under rest, are fed into 
a mixer stage. The difference frequency 
produced by che mixer is then fed 
through three stages of IF amplification 
ro the limiter srage, Afcer the first stage 
of IF amplification, a signal is fed 
through a cathode follower stage ro the 
IF Terminals for use in AM measure- 
ments. 

The limiter stage squares the top and 
bortom of the signal wave. This square 
wave signal is then fed to the discrim- 
inator where ir is convened ro a single 
uniform pulse of current for each cycle. 
The current pulse rate follows the re- 
petition rate or frequency of rhe incom- 
ing signaL 

A low-pass filter is connected across 
the output of the discriminator to re- 
move uodesired signal frequency com- 
ponents and to allow the instantaneous 
potentials to rise and fall with each dis- 
charge of a current pulse. The demodu- 
lated output of che dereccor is a varying 
im id tree non a 1 potential direcrly propor- 
tional to the LF frequency. 


Discriminator and Limiter 

Referring co Figure 3, rhe input ej,i 
is an FM signal with a carrier frequency 
between 1 00 and 300 kc The amplitude 
of this signal is sufficient ro overswing 
the cutoff and *ero bias limtrs of rube 
807. During the parr of the cycle when 
the rube js cur off, the plate potential 
will rise to die level of E Vr . When the 
grid is positive, the plate current will 
rise to a maximum value. Any further 
increase in positive grid swing will not 
increase the place current. Ic can be seen 
then that the minimum and maximum 
values of instantaneous plate potential 
in tube 807 are held constant, producing 
an ouepur wave which is squared off, top 
and bottom, at definite fixed potentials 
and which is unaffected by possible 
variations in grid-swing amplitude. This 
Square wave of plate voltage has a rep- 
etition rate equal to that of the input 
signal, e Jri . 

During the part of the cycle when the 
plate potential of tube 807 reaches its 
peak value (E n ), capacitor Ci is charged 
through diode dj of tube 6H6 co a 
potential equal ro F ]t . When rhe plate 
potential of rube S07 swings toward its 
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Figure 2. Sasic circuit «/emems of the Typo 20B-A FM Linear Detector t 


lowest value, capacitor Ci discharges 
through diode d 2 of mbe 6H6 in series 
wirli its load, R ;i . This action causes one 
pulse of current to flow through resistor 
R :t for each cycle of opetarioa 

The total charge taken by capacitor 
Ct. once each cycle, is CE. ( A small bias 
voltage in series with the charge diode d.i 
effectively overcomes rhe contact poten- 
rial of both diodes d| and d LS therefore, 
the effeer of this potential may be dis- 
counted,) The portion of this total 
charge which passes ch rough diode dj 
and resistor Ri. of rube 6H6 is equal to 
the total charge (CEh) minus the resid- 
ual charge (Ce [miSll ). 

With En and e [lM , held constant, and 
the time constants of the charge and 
discharge circuits sufficiently small com- 
pared to rhe inpur wave period, the total 
quantity of current flowing through R ; < 
during each cycle is constant. An in- 
crease in the repetition rare (frequency) 
of the incoming signal will increase the 
number of current pulses per unit of 
time, thereby increasing rhe average 
value of current flowing through R-*. 
Conversely, n decrease in the repetition 
rare of the incoming signal will decrease 
die average current through R ri . The 
average potential across R* then is a 
perfectly linear function of the fre- 
quency of the incoming signal and the 
dynamic operation of rhe derector will 
result in essentially disrocriooless detec- 
tion. 


Calibration 


The Linear Detector is accurately cali- 
brated at the factory to provide a voltage 
versus frequency deviation coefficient 
for frequency deviations up to + 300 kc 
at an inrermediare frequency of 350 kc. 
However, it is advisable, because of com- 
ponent aging, to recalibrate the instru- 
ment periodically during normal use. 
Eicher of two methods, rhe Sratic 
Mcrhod or rhe Bessel Zero Method, may 
be used co accurately calibrate the Linear 
Detector 


StiUic Method 


The Detector is interconnected with 
an EM signal generator, a frequency 
calibrator, and an accurate DC measur- 
ing device. The generator is connected 
to the Detector's RF INPUT terminals, 
the frequency calibrator is connected to 
the IF OUTPUT terminals, and the DC 
measuring device is connected to rhe 


DEMOD OUT terminals. 

With the frequency dials on the signal 
generator and the Detector scr to the 
same frequency, the DC measuring de- 
vice will read zero. Advancing the De- 
tector frequency dial to provide LOO kc 
difference frequency, as indicated, by 
rhe frequency calibrator, will cause a 
voltage reading to be indicated by the 
DC measuring device. Tills reading is 
noted and the Detector frequency dial is 
advanced again until a 200 kc difference 
frequency is indicated by the frequency 
calibrator. The voltage reading at the 
DEMOD OUT terminals is again noted. 
This procedure is repented at each 100 
kc increment unril a I megacycle signal 
is indicated by the frequency calibrator, 
the output voltage befog recorded for 
each step. The voltage read i ngs obtained 
are the n plotted on a graph with voltage 
as the "V" axis and frequency as the 
"X" axis. The resultant curve will yield 
a straight-line section, whose tipper and 
lower limits indicate the frequency 
points in the frequency spectrum be- 


tween which linear operation of rhe 
Detector should be expected. With the 
DC voltage for these two frequency' de- 
viations known, any deviation (within 
the linear limits) may be ascertained 
by using rhe frequency versus voltage 
coefficient. 

Besiel Zero Method 


This method of calibration requires 
the use of a signal generator, an accurate 
LO-kc audio signal source, and a hcrero- 
dyne-rype receiver containing a BFO. 
The RE output of the signal generator 
is connected to rhe receiver and the re- 
ceiver is tuned to the unmodulated 
carrier frequency of the generator to 
obtain a beat frequency of several hun- 
dred cycles, using the receivers BFO. 
This frequency is monitored wirli ear- 
phones or a voltmeter. With rhe signal 
generator modulation control sec to pro- 
duce a 10-kc FM modulating signal, the 
FM deviation control is advanced slowly. 



Figure 3, Basic detect or circajJ. 
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The beat frequency will disappear at 
certain points as the deviarion is in- 
creased, These null points correspond 
to specific modulation indices, the firsr 
several being: 2.^05, 5.520, K.6$d t 

1 1.792, and M.93L Frequency deviation 
values at rhese null points are tlien cal- 
culated using the Bessel function as 
follows: 



Where: B — modulation index 

F frequency deviation ( kc ) 
f ™ modulating frequency (kc) 
After the first null is detected, the 
receiver is disconnected and the genera- 
tor signal is fed to the RF INPUT ter- 
minals on the Linear Detector, The De- 
tector is tuned to 330 kc IF frequency 
deviation to insure operation within the 
linear region. A peak-reading AC volt- 
meter connected to the DEMOD OUT 
terminals on the Detector will indicate 
the voltage output for the deviation cal- 
culated for the first null The procedure 
is repeated for each null point, and the 
voltage output obtained for each calcu- 
lated frequency deviation is recorded. 
These voltages are then plotted against 
frequency deviation to produce a curve 



figure 4. Connections, for pftr can# AM measure- 
men/ showing tropetoidoi cf/sp/cry. 

whose straight-line portion again in- 
dicates the linear limits of the Detector. 

Application 

The FM Linear Detector, a$ was pre- 
viously explained, has been designed 
especially for the measurement of FM 
frequency deviation. With the instru- 
ment calibrated as explained above, its 
frequency deviarion versus voltage out- 
put coefficienr is known. Measuring 
frequency deviarion becomes merely a 
maccer of multiplying the volrage output 
reading at the DEMOD OUT terminals 
of the Detector (produced as a result 
of the FM signal fed into the Detector ) 
by rhe frequency deviation versus volt- 
age coefficienr. 


The Detector may also be used to 
measure rhe degree of amplitude modu- 
lation of a signal source. For this meas- 
urement, an externa] signal source is 
mixed with a signal produced by the 
Detector ro provide a difference fre- 
quency of approximately 100 to 150 kc 
at the Detector's IF OUTPUT terminals. 
This difference frequency Is rhen dis- 
played on an oscilloscope as a trape- 
zoidal pattern, similar ro the trapezoidal 
pattern shown in Figure 4 . The lengths 
of the vertical sides of the pattern (A 
and B) are then applied to the follow- 
ing equation ro indicate rhe percentage 
of amplitude modulation. 

^ q 

Percent AM = - — —r-x 100 
A + B 


Conclusion 

The Type 208-A FM Linear Detector 
is a precision insrrumenr capable of per- 
forming accurare FM and AM measure- 
ments in the engineering laboratory or 
on the production line. It will doubt- 
less become a valuable aid to those cus- 
tomers who have measurement problems 
of rhrs nature. 


BRC Film Gauge Used To Measure 
Aircraft Organic Finish Thickness 


The Glenn L. Martin Company Reports On a New Method Approved by The Navy 


At the requesr of the Bureau of Aero- 
nautics, The Glenn L. Martin Company 
of Baltimore, Maryland recently pre- 
pared a report entitled, 'A New Method 
for Measuring Aircraft Organic Finish 
Thickness," which describes a new 
method employing the Boonton Radio 
Corporation Type 255-A Film Gauge. 

The Film Gauge was introduced to 
Tlie Martin Company by BRC as a 
means for measuring thickness of 
merailic plating finishes over nonferrous 
metal surfaces and its principle of opera- 
tion was later proposed as a means for 
measuring aircraft organic finish Thick- 
ness. The Martin Company subsequently 
conducted a research program to test 
rhe suitability of the Film Gauge for 


this purpose. 

Many finishes were rested by The 
Martin Company ro find a correlation 
and mode of operation which would 
prove that practical measurements could 
be made with the Film Gauge. A cor- 
relation was found, preliminary calibra- 
tions were performed ro confirm it, and 
a report proposing rhe new method was 
issued by The Martin Quality Division 
Laboratory. This report was later sub- 
mitted to the Bureau of Aeronautics 
who gave tentative approval of rhe 
method. The method was then evaluated 
by the Naval Air Material Center Labo- 
ratory. Results of this evaluation con- 
curred wih Martin s and full acceptance 
of rhe method was published in a report 


from Naval Air Material Center, 

The report prepared by The Martin 
Company at the request of the Bureau 
of Aeronautics was prepared by Nor- 
man R. Keegan, Chemical-Physical Engi- 
neer. In his report Mr. Keegan describes 
in derail the methods used in determin- 
ing the accuracy of the Film Gauge for 
this specific application. Step-by-step 
procedures are given for operation of 
the Film Gauge for finish thickness in- 
spection, and special instructions are 
included for specific applications. 

The Martin Report has been reprinted 
by Boonton Radio Corpora don for dis- 
tribution ro interested customers. Copies 
will be furnished upon request. 
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EDITOR'S NOTE 
BRC Promotions Announced 

The appointments of Mr. Frank G. 
Marble as Vice President and General 
Manager and Mr. Harry J. Lang as Sales 
Manager effective July 1st were an- 
nounced by Dr. George A. Downs- 
brough s President of Boonton Radio 
Corporation, 

Mr. Marble, formerly Vice Presidenr- 
Sales at BRC, succeeds Dr. Downs- 
brough as General Manager. Dr. Downs- 



Ftonk G. Marble 


brough will continue as President, 
Treasurer, and a Director. 

Mr. Marble has been associated wirh 
Boonton Radio Corporation since 1951. 
He served as Sales Manager until 1954 
when he was appointed Vice President- 
Sales. 

Prior ro his associsuon with BRC, 
Mr. Marble's career covered a broad 
field of engineering experience. He held 
design and development posts for seven 
years with Philco Radio and Television 
Corporation and Western Electric s elec- 
trical research division. Later, he served 
in engineering administrative positions 
with Beil Telephone Laboratories and 
Pratt and Whitney Aircraft Corporation. 
During the three-year period just pre- 
ceding his association with BRC, Mr. 
Marble served as Sales Manager for Kay 
Electric Company. 

in 1934 Mr. Marble received his BS 
degree in Elecrrical Engineering from 
Mississippi State College. He earned 
his MS in Electrical Engineering from 
the Massachusetts Institute of Tech- 
nology in 1935. 

Mr. Lang joined Boonton Radio Cor- 
poration in 1949 as a production engi- 
neer and successively served as project 
engineer, contracts engineer, and sales 
engineer, In 1954 he left BRC ro study 
for his master's in Business Admimsrra- 
non at the Harvard Business School. 

Before returning to BRC, Mr. Lang 
served as sales engineer in charge of 


saies for the newly-formed Industrial 
Products Department of Airborne In- 
struments Laboratory. 

Mr. Lang received his BS degree in 
Electrical Engineering from the Mas- 
sachusetts Institute of Technology in 
1949- During his studies there, he was 
an engineering trainee at Western Elec- 
tric Co., New Jersey Bell Telephone 
Co,, and Bell Telephone Laboratories. 

From 1945 to 1946 be was a junior 
engineering officer wirh the IL S. Mer- 
chant Marine. 



Harry 7. Lang 
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A Crystal-Controlled FM Signal Center 

CHARLES G. GORSS, Development Engineer 



F7fli/re T. 7 he author Is shown final cheeking the RF tuning unit on one of fh© first production 
models of fh© TYPE 242».A PM Signal Generators. 


A New Concept 

As communications systems get more 
precise and complicated, the demands 
placed upon the design of equipment 
required ro test and calibrate these sys- 
tems become more severe. One soon 
finds that the old standby signal gen- 
erator no longer will do the job. Old 
concepts of high-frequency accuracy 
and stability are inadequate in systems 
crammed one next to rhe other, where 
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Generator Type 246-A 7 

Editor's Note 8 


each channel carries several subcarriers, 
and each subcarrier in turn carries ics 
own information. In addition, with tech- 
nical pursuits being carried on from pole 
to pole; In the arctic cold, the desert heat, 
the destructive humidity of rhe jungle, 
and the thin air of the higher altitudes; 
the signal generator must now be de- 
signed to perform in environments 
strangely dirferenr than rhe cozy labora- 
tory or factory. The signal generator de- 
scribed in this article employs design 
techniques which meet the challenge of 
these stringent modern requirements. 

Design Considerations 

Firsr of all, rhe signal generator under 
consideration must be crysral controlled 
or stabilized with an accuracy ia the 
order of 0.002 per cenc. This is a typical 
long-term accuracy figure for a crystal 


oscillator. Since many changes of fre- 
quency may be required in the set up of 
multichannel systems, the test frequen- 
cies must be selected quickly and easily. 
Even chough frequency control by crys- 
tals implies a finite number of channels, 
provision must be made for easy selec- 
tion of between -channel frequencies for 
bandwidth determination and for the 
selection of off-beat frequencies. Fre- 
quencies so selected should also be rea- 
sonably accurate and stable. The gen- 
erator should be frequency modulated 
and feature a wide deviation range (in 
rhe order of 300 KC) with Heele distor- 
tion. In addition, an optional compressor 
should be provided so that large changes 
in input moduJarion, caused by adding 
several subcarriers at one time, does not 
result in over modulation. The com- 
pressor should not increase distortion 
appreciably. Besides handling a wide 
range of external modulating frequen- 
cies, the generator should provide ac 
least two different internal modulation 
frequencies, so that simple tests cao be 
performed with no extra input equip- 
ment. Last bur by no means least, the 
instrument must be rugged in design 
and must be able to survive not only 
wherever mao can survive, but a few 
places where he cannot survive for long. 

Design Techniques 

Selection of 1 MC Frequencies 

A frequency selection system employ- 
ing two dials (Figure 2) was chosen 
to cover rhe range of frequencies from 
400 to 550 MC in one megacycle steps. 
The dials are mounted sidc-by-side near- 
ly touching each other. The first two 
digits arc on the left-hand dial and 
range from 40 to 55 in 1 6 steps. The 
right-hand dial carries the last digit 
ranging from 0 to 9 in 10 steps. Every 
whole number from 400 to 550 can be 
selected by rotating both dials and hori- 
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zon tally aligning che three digits. The 
dials are masked so chat ooiy che num- 
bers in use are clearly seen. However, 
adjacent Qumbers, visable through a 
colored transparent portion of the mask, 
serve to indicate whether dial rotation 
is toward the high or low end of the 
raoge. Detents axe provided on each dial 
to index each selected digit in proper 
alignment. 

Each dial is mechanically connected 
to the selector switch in a crystal oscil- 
lator which in turn electrically selects 
the proper crystal as the dial is indexed. 
The outputs of the two crystal oscillators 
are added together in a mixer which is 
designed to minimize spurious signals. 
This sum is then doubled twice aod the 
resulting quadrupled product is added 
in another mixer to the output of a 
fixed -frequency oscillator which can be 
frequently modulated. If this oscillator 
output is frequency modulated, the sum 
frequency will reflect the same amount 
of modulation. The output of this mixer 
is doubled twice more to produce the 
final frequency which has four rimes 
the frequency modulation originally 
present. 

Since each srep of the left-hand dial 
spans 10 MC and each step of the 
right-hand dial spans only L MC, die 
increments (iQ actual crystal frequen- 
cies.) in the left-hand or tens oscillator 
are 10 limes the increments in the right- 
hand or units oscillator. Ther£ axe 1 6 
crystals in the tens oscillator spaced 
1/1 6 of 10 MC apart, and 10 crystals 
in the units oscillator spaced 1/16 of 
l MC apart. The 1/16 spacing is a 
direct result of the fact rhar the fre- 
quency is multiplied 16 times between 
rite oscillators and the output. The actual 
frequency ranges through the sysrem 
are shown in figure 3- 

There are several tuoed stages through 
the chain of doubling and mixing, ail 
of which must be tracked with fre- 
quency. A variable capacitor drive using 
a unique rwo- speed differential gearing 


system has been J employed for this pur- 
pose. Input from either the tens shaft 
or the units ^ shaft will turn the tuning 
capacitor shaft. One step on each shaft 
(s originally the same angular displace- 
ment. However, the angular rotation of 
the variable capacitor caused by one 
srep of rhe tens shaft is ten times the 
angular rotation of the variable capacitor 
caused by one step of the units shaft. 
The drive from the two dials to the 
differential is accomplished by two very 
low-backlash belt- drive systems using 
beryllium copper belts and spring-loaded 
phosphor bronze anribacklash cables. The 
differential sysrem itself and all associ- 
ated gears are also spring loaded to 
prevent backlash and assure optimum 
tracking. 


Selection of 
/nhefween frequencies 

The combination of switching and 
capacitor -drive mechanisms allows selec- 
tion of each even megacycle from 400 
to 550, but an additional device is re- 
quired to provide selection of all of 



Ftgvro 2. Frequency jeJecfion dials on the 
Type 242-A FA1 Signer/ Genesatar. 

the inbetween frequencies. This is ac- 
complished duough the use of a highly 
stable "Clapp” type variable frequency 
oscillator which is coupled to the units 
oscillator dial by means of another beryl- 
lium copper belt system. The oscillator 
produces the same frequencies which the 
units crystal oscillator produces at any 
givea dial setting and tracks righr along 
wirh rhe units crystal 05 c ill a tor. An in- 
ternal beat detector coupled to the out- 
put monitor meter allows die user to 
being rhe VFO into exact zero bear with 
the crysral oscillator by tuning a trimmer 
in che VFO circuit. Normally rhe crysral 
oscillator is coupled to the first mixer, 
but a panel switch allows the VFO to 
be substituted. A clutch connected to 
this switch shaft disconnects che norma/ 
switch detent and substitutes a scop de- 
vice which permits 1 MC rotation either 
side of the point of crystal calibration. 
The smooth curve of the VFO capacitor 
and the direct calibration with the crys- 
tal oscillator at a near frequency com- 


bine to give a relatively high degree of 
accuracy to all frequencies selected by 
the VFO. 


frequency Mixing 

The general subject of mixing in an 
FM signal generator could well be the 
subject for an entire article bur a brief 
explanation of the problem is certainly 
worth outlining here. The two inputs 
to the first mixer are in the general 
ranges of 3.5 to 4 MC and 10 to 18 
MC, and it is entirely possible that 
harmonics of the 3.5 to 4 MC input 
might lie close to the desired sum out- 
put which ranges from roughly 13 to 
22 MC, Should chis harmonic be presen c 
in the plate circuit of the mixer which 
would be tuned to rhe sum, and should 
it be perhaps within 100 KC of rhe 
sum, it is entirely possible that this 
harmonic would not be far enough off 
the sum to be rejected. The unfortunate 
result is the familiar sum of rwo vectors 
whose frequencies differ somewhat; i.e., 
an amplitude-modulated wave whose 
phase is advancing and retarding at rhe 
difference frequency (Figure 4). This 
shifting phase can be considered as phase 
modulation which at a given modulating 
frequency can also be considered as fre- 
quency modulation. 

The amplitude modulation is not very 
alarming because ir can be removed by 
limiting. Frequency modulation, on rhe 
other hand, is not easily erased and be- 
comes a problem in an FM signal gen- 
erator because extra modulating signals, 
which have no relationship to the de- 
sired modulation signal are undesirable. 
Since erasing is difficult, the best way 
to avoid this unwanted rooduLarion is to 
avoid rhe circuit conditions cl) at cause jt. 

First of ad the frequencies musr be 
selected which will produce an absolute 
minimum of possible harmonics ap- 
proaching the sum frequencies. This 
may however leave some possible trouble 
situations even after the best possible 
choice of frequencies. 

Next, make sure that the lower fre- 
quency input is as' pure as ir can be. 
A low-pass filrer cutting off sharply 
above 4 MC proved to be a very ef- 
fective way of accomplishing this. Since 
even a very clean signal can be distorted 
in [he mixej, it is very important that 
the lower frequency be introduced on 
the grid or element whose Transfer char- 
acteristic is the st raightest. The signal 
level of the lower input should also be 
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kept as low as possible and the element 
should be so biased that the total swing 
takes place on the most linear portion 
of the transfer characteristic. lr was 
found desirable to use a 6AS6 tube as 
a mixer wirh the 3.5 to 4 MC signal 
fed into grid number l and the higher 
frequency fed into grid number 3 While 
this is not the most efficient operation 
(with only x /i volt on grid number l) 
it does greatly reduce the distortion of 
the signal on grid number l. Any re- 
sulting harmonic content can be addi- 
tionally reduced (if the tuning is accu- 
rate enough) by tuning rhe plate of rhe 
6AS6 to the sum and following this 
stage with another sharply tuned stage. 
In fact, it is necessary to rune these 
stages for minimum spurious FM in the 
final set-up procedure. 

Carefully following the above prin- 
ciples results in a minimum of spurious 
FM. Ignoring these facts would easily 
resulr in 100 KC. or more spurious FM 
deviation in the output. 


frequency Doubling 

The need for doubling to frequencies 
up to 550 MC wirh a minimum of har- 
monic production and a maximum of 
power production led to the use of a 
fairly interesting technique. Electron 
tubes are not suitable for this purpose 
because they produce a fairly strong 
string of higher harmonics with little 
energy where it is wanred. Theoretically 
the commonly used full-wave rectifier 
circuit, operating from a center-tapped 
transformer, is ideally suited as a doubler 
because ir produces a great amount of 
second -harmonic voltage in its output 
and very little of anything else. In fact, 
it produces almost half of the voltage 
at the second harmonic as is put into 
it at the fundamental frequency. The 
problem however is to set up these ideal 
conditions ac UHF frequencies. 

First of all, the impedance of these 
balanced transformer secondaries must 
be kept low ro avoid unwanted reson- 
ances and capacitive shunting. In prac- 
tice the untuned balanced secondary is 
mounted oq the grounded end of the 
tuned primary winding. Each half of 
the winding is approximately a single 
turn, with the center tap slightly off 
center to compensate for the fact that 
one turn is closer to the primary. 

The Transitron type T -6 diode proved 
to be very desirable for this use, Ir has 



Figure 3. Syf#«m tor providing Type 242- k output frequencies* 


a very high forward conductance and 
apparently switches rapidly enough. The 
forward conductance is important be- 
cause these doublers must drive the 
carhode of a grounded-grid amplifier 
which does not present much more chan 
100 ohms resistance. Diodes which are 
normally useful co much higher fre- 
quencies were not useful in this case 
because of their poorer forward con- 
ductance and a resulting high internal 
loss. 

The output of the doubler circuit is 
capadrively coupled to the cathode of 
the following grounded -grid stage and 
the diodes are allowed to develop their 
own DC bias io a load resistor on their 
side of the coupling capacitor. A choke 
in series with the DC load prevents 
loading of the RF circuit. Bias is ad- 
justed to a compromise optimum value* 
The diodes must be allowed to conduct 
enough currenr to insure a low forward 
conductance, bur muse not be allowed 
ro conduct so much currenr that the 
barrier capacitance is greatly increased 
and the switching rate slowed duwn. 


tube from the minimum capacitance of 
the capacitor by means of a coil con- 
nected between them. The rank can be 
tuned almost up to the frequency where 
the minimum value of the variable cap- 
acitor alone resonates wirh the tank coil* 
However, the lowest frequency obtain- 
able is limited by the condition where 
the variable capacitor reaches infinity 
and becomes a short, causing the plate 
capacitance to resonate with the rank 
coiL This puts two very rigid limits on 
the riming range and calls for an un- 
usual shape plate for the riming capac- 
itor. Since the minimum capacitance of 
the run ing capacitor can generally be 
made much lower than the tube plate 
capacitance, this technique allows tuning 
ro higher frequencies with lumped cir- 
cuit components than are obtainable 
with parallel tuning of the plate. Power 
is coupled from this type of device by 
a rurn or two of wire around the tank 
coil* 


Frequency Modulafjo/f 


Amplifiers 


All of the lower frequency amplifying 
stages are fairly conventional plate-tuned 
6AK5 stages, but from 200 MC up, the 
6A.N4 rube has been employed in a 
grounded-grid conf iguracion. These 
grounded-grid stages are somewhat 
unique in that they are series tuned in 
the plate circuit. This takes the form 
of a few corns of wire from the plate 
connected in series with a tuning capa- 
citor to ground. This type of tuning in- 
creased the highest frequency attainable 
from a given tuning capacitor by sep- 
arating the plate capacitaoce of the 


As shown in Figure 3 , the frequency 
modulated oscillarnr is injected into the 
second mixer and always operates at a 
center frequency of 48 MC. This oscil- 
lator and the control circuit which js 
required to hold it within 0.001 per 


HARMONIC RtSULTANT 



figure 4. Victors illustrating how certain 
harmonic frequencies, may cause frequency 
modulation. 
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cent, is very complex and would very 
likely be ample subject matter for an* 
other article. Briefly, the oscillator is a 
criode oscillator which has a pentode 
reactance tube tied across its tank cir- 
cuit. A part of the ouq>uc of the oscil- 
lator ts amplified and mixed with a very 
stable 47.9- MC crystal oscillator. The 
100-KC IF frequency is then amplified 
and coupled into a frequency counting 
circuit which translates frequency shifts 
co DC level. Tliis DC level is amplified 
and connected back to die reactance cube 
grid by means of suitable bucking volt- 
ages. The audio modulating voltages are 
also fed to this grid. In order that the 
reactance tube may be operated as close- 
ly as possible to the center of its Linear 
characteristic, an electron-ray indicator 
cube in conjunction with a trimmer is 
provided on the front panel. With 
these, the operator can set the oscillator 
as close to center frequency as he can 
with the automatic frequency control 
circuits defeated. This precludes the need 
for compensating for long-term drift oo 
these circuits. A cLieck or this electron- 
ray indicator after every two or three 
hours of actual use will usually suffice 
to maintain low distortion. A spring- 
loaded switch on the AFC defeat pre- 
vents accidental defeating of the AFC 
when the generator is in use. A suitable 
indication oo the indicator assures die 
operator chat the control circuits are 
locked in. 


Audio Circuits 

The audio circuitry in this generator 
must do several things. First, ir must 
supply internal modulating signals at 
400 cycles or 1,000 cycles as required. 
Next, it must handle external signals be- 
tween 300 cycles and 100,000 cycles 
and, at the same time, maintain a phase- 
shift characteristic which is essentially 
linear with frequency. There must be 
facility to handle a number of sub- 
carriers and optional compression cir- 
cuitry which will maintain constant de- 
viation as subcarriers are switched on 
and off, without substantially increasing 
the distortion io the audio channel. The 
deviation indicator meter on the panel 
must accurately indicate peak deviation 
regardless of the subcarriers present. To 
accomplish this, the meter circuit must 
be a peak-to-peak rectifier with a long 
enough time constant to hold between 
peaks and with a low enough imped- 
ance in the driving circuit to assure 
full charge of the capacitors in rhe time 


allowed by short peaks. The driving 
voltage must be amplified to a high 
enough level so thac the diodes are 
essentially linear, otherwise, they will 
not act as an ideal switch and peak 
detector* 

Tire details of the compressor circuit 
are coo lengthy for a survey of this 
nature. Briefly, it is essentially com- 
posed of pentodes whose gain has been 
controlled by varying the su pressor- grid 
voltage. Additional circuitry has been 
included in parallel with each rube CO 
balance out the DC transients which 
could result from this type of control. 
This additional circuitry simply takes 
the form of another similar pentode 
with its plate drawing current from the 
first tube's screen supply and its screen 
'drawing current from the firsr tube's 
plate supply. It is similarly driven by 
the DC control voltage, and tends to 
counteract the DC current charges in 
the compressor cube. This counteraction 
occurs because the cathode current of 
each tube varies very little. As the 
supressor voltage changes, ail that occurs 
is a current flow which is diverted from 
place to screen or vice versa. 

The balance of the audio unit is fairly 
conventional broad-band audio circuitry 
of careful design. 


Power Supplies 

A generator of this nature requires 
DC power with little voltage fluctuation, 
low impedance, and good filtering. Two 
very similar series regulated power sup- 
plies were selected for this purpose. 
Two supplies are required because the 
current requirements are too much for 
a single 6080 tube to handle. Also, it 
is desirable ro adjust one supply CO 
match rhe compressor operating point 
without affecting the DC levels in the 
FM oscillator control unit. The only 
difference between the two power sup- 
plies is that the unit supplying the FM 
oscillator control circuit uses wire- 
wound resistors to immunize it against 
temper a cure changes. Tit is supply also 
delivers power to the crystal oscillators. 

Some of the more critical tubes in the 
FM control unit also have filament 
voltage stabilization. This is achieved 
by means of a thermal resistor ( in series 
with these rubes) which essentially main- 
tains a constant current in spite of 
normal line fluctuation and is indepen- 
dent of Line frequency. A ferro-resonant 


transformer would regulate as well but 
would nor have this immunity co Jinc 
frequency. 

In order ro assure proper stabiLiry in all 
temperatures from — 40°F ro 4-137 °F, 
several methods of temperature con- 
trol are employed. First of all, the crys- 
tals are contained in a pair of ovens 
which maintain the internal temperature 
at 75 °C degree. Tliis is always 
above expected ambient. The enure RF 
tuning unit is contained in a large shield 
can which is heated by thermostatically 
controlled heaters. These heaters are 
turned on whenever die internal tem- 
perature falls below 50 °C. A cooling 
fan is turned on whenever the tempera- 
ture outside the can is above 15°CL 
Together these elements hold the tem- 
perature inside the can to fairly close 
limits (approximately 40° to 50°C). 


Ruggedness 

Great care has been taken co use 
materials and finishes which will with- 
stand fungus aod moisture. The instru- 
ment is not sprayed with moisture fun- 
gus varnish but rather uses materials in 
rhe construction which are nonfungus 
nutrient aod moisture resistant. 


Conclusion 

All of the above-mentioned charac- 
teristics have been included in the 
Boonton Radio Generator Type 242-A. 
For those interested, advertised specifi- 
cations for the production version of 
this instrument are available. 1c is our 
hope to explore some of the finer points 
of this device in further articles. 

A" 

■ 

OWNERS OF TYPES 160-A AND 170-A 
Q METERS PLEASE NOTE 

Radleol chongei in design changed consider- 
ably the parts make-up of Q Motets Type 160-A 
and Type 1 70- A after serial numbers 2000 and 
700 respectively. Owners of instruments bear- 
ing these or lower serial numbers are advised 
that BRC's stock of spare parts For these instru- 
ments has been depleted and therefore all ser- 
vice of these instruments must be discontinued. 
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The RX Meter or the Q Meter? 

NORMAN L. RIEMENSCHNEIDER, Sales Engineer 



figure I. The out ho/ loads one of BRC's station wagons before taking off on a field trip. 
This fieid service brings our full line of instruments ta the customer's dear. Actual demonstra- 
tions and technical consultation assist the customer vvitfi problem* and in selecting the correct 
Instrument for the /ob to be done. 


The question of which instrument, 
the RX Meter or rhe Q Meter, is best 
suited to a particular measurement prob- 
lem frequently arises in our field work, 
since both instruments are designed for 
general impedance measurements. From 
rhe customers' point of view, this ques- 
tion is particularly timely since he must 
decide which instrument will yield die 
greatest utility for the expenditure in- 
volved. The purpose of this article is 
ro set forth dearly rhe basic differences 
between ilie RX Meter and the Q Meter 
and further ro establish how these dif- 
ferences affect measurements in areas 
of immediate interest. 

In order to simplify Our discussion of 
diis rather broad subject, it might be 
well to consider only die basic ranges 
of rhe instruments involved, without 
attempting to include extended range 
measurements through the use of ex- 
ternal accessories or special modifica- 
tions. However, inasmuch as the Q 
Meter is basically designed to operate 
with a "work” coil, we shall allow the 
use of this particular accessory to lie 
within the boundaries of our appxoadr 

Basic Differences 

The fundamental differences between 
the RX Meter and che Q Meter may be 
briefly listed as follows: 

1. The Q Meter provides a direct indi- 
cation of Q over a range of 5 to 1200 
or 10 to 625, depending upon the model 
used. Higher Q's, up to the order of 
several thousand, can be readily meas- 
ured by indirect methods. The RX Meter 
is basically a low-Q device and will 
measure Q to zero. RX Meter readings 
are direct in equivalent parallel capaci- 
tance and resistance, and Q must be 
computed from these readiogs. 

2. In the Transition from direct to in- 
direct measurements on the Q Meter, 
there is a gap in the range of resistances 
which can be measured. The RX Meter 
js on the other hand, calibrated directly 
in parallel resistance, and resisrance 
measurements can be made in a con- 
tinuous range of from 15 to 100,000 
ohms. A comparison of rhe values of 
resistance char are measurable on the 
RX Meter and the Q Meter is shown 
in Figure 2. 

3~ The 260-A Q Meter operates in a 
range from 50 kc to 50 me and the 


190 -A Q Meter operates in a range 
from 20 to 260 me. Operating in a 
range from 500 kc to 250 me, the RX 
Meter frequency range is almost equiv- 
alent to the total range of both Q 
Meters. 

4. The resonating capacitance of the 
RX Merer goes down ro zero, whereas 
rhe minimum capacitance of the 190-A 
0 Meter is 7 /JL/xf and rhe minimum 
Capacitance on the 260-A Q Meter is 
30 fjLjjj. Coils requiring very low values 
of resonating capacitance can not be 
resonated on either of the Q Meters, 
but can be resonared on rhe RX Meter. 

5. Voltage applied to the specimen in 
making measurements on the Q Meters 
is a function of the setting indicated by 
rhe XQ Meter, and is for the most part 
determined by the Q of the coil to be 
measured. The applied voltage of the RX 
Meter varies from 0.1 volt ro 0.5 volts, 
but can, with the addition of an external 
potentiometer, be made to vary to a 
minimum of 0.02 volts. This feature of 
rhe RX Meter is particularly desirable 
when it is oecessary to measure input 
circuits ro tube grids or transistors, 
where the impedance can be influenced 


by the level at which it is measured. 1 

6. Since the insertion voltage of both 
types of Q Meters is developed between 
the low coil side and ground, neither 
side of the inductance is at ground RF 
potential. This, as a consequence, does 
not permit series type measurements to 
be made with one side at ground RF 
potential. The RX Meter is a grounded- 
type bridge and therefore measurements 
caa be made with a common RF ground 
established between the bridge and the 
circuit under consideration. 

Common Measurement Problems 

It might be well ar this point to con- 
sider how the fundamental differences 
between the Q Meter and RX Meter 
affect components and circuits under 
investigation. Widb these differences 
under consideration, Jer us list rhe sev- 
eral major measurement categories and 
determine which instrumenr is best 
suited for a particular measurement job. 

Colls 

As pointed out above rhe Q of high-Q 
coils can be best and most expeditiously 
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Figure 1 . A comparison of measurable resi fiances on (he Q Mef&r antf RX Meter. 


measured on the Q Merer, However, 
coils with very low Q's or coils with 
cores exhibiting extremely high losses 
can be measured more conveniently on 
rhe RX Merer because the latter instru- 
ment has the ability to measure Q's 
down to aero. (The permeability and 
losses of some core materials vary widely 
with dc and rf driving levels.) 


As covered in a previous article 1 the 
RX Meter will measure the seJh res- 
onant frequency of coils, and distributed 
capacitance cao very easily be deter- 
mined from self-resonant frequency. 
This same measurement can be accom- 
plished on a Q Meter; however, it is a 
somewhat more lengthy procedure to 
determine the self-resonant frequency 


on the Q Meter. 


Capacitors 

The capacitance of capacitors can be 
measured directly on the RX Meter 
within its range. However, unless the 
capacitor is extremely “lossy", its Q 
and/or dissipation factor can only be 
measured on the Q Merer because of 
the high value of parallel resistance 
involved. 


Semiconductor Devices 

Customers in the field advise BRC 
sates engineers that the RX Meter lends 
itself extremely well to semiconductor 
measurements because: ( 1 ) measure- 

ments can be made directly in one step, 
(2) the instrument can very easily be 
modified to operate at reduced level, 
and (5) the instrument lends itself to 
biased circuits. 


Antennas 

Either die Q Meter or the RX Meter 
can be used for antenna measurements, 
bur the RX Meter lends itself some- 
what more readily because it is an un- 
balanced, one side grounded, device. 
Use of the 515-A Coaxial adapter aug- 
ments the convenience of the RX Meter 
in this application. 3 


Transmission Lines 

While the characteristic impedance, 
attenuation, find velocity of propagation 
of transmission lines can be measured 
on the Q Meter, it can be accomplished 
more accurately and more expediently 
on the RX Meter. A description of the 
methods and techniques involved has 
been covered elsewhere. 3 


Vacuum Tubes 

The RX Meter is better suited to 
vacuum tube measurements than the Q 
Meter for the same reasons outlined 
under semiconductor devices. 


Conclusion 

In diis article we have attempted to 
make a comparison of the Q Merer and 
RX Meter, and to outline the areas of 
rheir application. It should be remem- 
bered, that with either type instrument, 
other measurements not menrioned can 
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be made using suitable but perhaps 
more indirect techniques. Generally 
speaking, ic can be said that measure- 
ments that can be handled on either 
instrument, with the exception of di- 
electric measurements and measurement 
of high-Q coils, can be performed more 
expediently on the RX Meter. 
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Use Of Markers On Sweep 
Signal Generator Type 240-A 


The Type 240-A Sweep Signal Gen- 
erator is equipped with a built- in marker 
system which produces crystal-referenced 
"birdie-type” markers and adjustable pip 
interpolation markers. These markers are 
added to the response of die system 
under test, (see illustration below) pro- 
ducing a composite signal which may be 
displayed on an oscilloscope. Proper use 
of the Sweep Signal Generator, espe- 
cially the marker system, will produce 
sharp, easy -ro- interpret displays. Some 
helpful hints, aimed at providing opti- 
mum operation of the marker system, 
are contained in the following para- 
graphs. 



. .m»ucHC* 


OzcMascopo display shewing markers added 
to response curve. 

Test in Amplitude Control 

The rectified response from the cir- 
cuit under test by the Type 240-A 
Sweep Signal Generator is fed to the 
TEST SIGNAL IN jack, through the 
TEST IN AMPLITUDE control, and 
rhen to the Test Signal Amplifier where 
it is combined with the birdie markers 
to produce a composite signal output 
which may be displayed on an oscillo- 
scope. When adjusting the vertical de- 
flection of such a display, it will be 
found that best results are obtained 
when adjustment is made by means of 


the vertical deflection control on die 
oscilloscope, with the TEST IN AMPLI- 
TUDE control on the Sweep Signal 
Generator turned full on. 

Verification of Center Frequency 

Crystal markers, as they appeaj on 
the response curve of a circuit under 
test, have no significance unless a value 
can be assigned to the center marker. 
All that is known ac this point in the 
measuring procedure^ is that the mark- 
ers are frequency spaced as in di cared by 
the CRYSTAL MARKER SELECTOR. 
In order to assign frequency values to 
these markers, identification of the cen- 
ter marker must be made. When the 
center frequency marker is identified 
and its value ascertained by the CEN- 
TER FREQ control setting, ic is a 
simple matter to determine rhe fre- 
quency values of other markers based 
on the frequency spacing setting of 
the CRYSTAL MARKER SELECTOR. 
Identification of the center frequency 
marker can be made as follows: 

1. Set the CENTER FREQ control to 
the desired frequency. 

2. Turn die CRYSTAL MARKER 
SELECTOR to the 2.5MC position and 
observe the markers on the oscilloscope 
display. 

3. Narrow the sweep width by turn- 
ing the SWEEP WIDTH control on the 
Sweep Signal Generator in a counter- 
clockwise direction until only one birdie 
marker remains on the display. This 
marker is the center frequeocy marker 
and may be assigned the frequency 
value indicated on the CENTER FREQ 
dial. 

After rhe center frequency marker 
has been identified, turn the SWEEP 
WIDTH control clockwise until the de* 
sired sweep width is obtained and all of 
the desired 2.5 MC markers are visible 
on the oscilloscope display. At die same 


rime, note the position of the center 
marker with respect to the other mark- 
ers. With the center frequency value 
assigned to this marker, it is now pos- 
sible to determine frequency values of 
other points along the response curve, 
because the frequency spacing between 
the markers is known (in this case 
2.5MC). If desired, .5MC and .IMC 
crystal markers may be introduced by 
repositioning the CRYSTAL MARKER- 
SELECTOR. This will cause more closely 
spaced markers to appear on the dis- 
play, and will permit further delinea- 
tion of frequencies along the response 
curve. 

Pip Markers 

Once the frequencies along the re- 
sponse curve have been identified by 
means of the tuning dial on the Sweep 
Signal Generator and the crystal mark- 
ers, the pip markers should be posi- 
tioned co mark rhe desired frequencies, 
and the crystal markers should be turned 
off. This procedure provides a means 
for marking any two of the frequencies 
along the response curve, and at the 
same time, removes the possibility of 
interference with the curve caused by 
the crystal marker frequencies. 

Attenuation of Crystal Markers 

When using the Type 240-A Sweep 
Signal Generator to test a circuit which 
has a high-gain characteristic, ic may be 
found that the crystal markers rend to 
become attenuated if the TEST IN 
AMPLITUDE control is in its full-on 
position and the vertical gain of the 
oscilloscope has been turned down to 
reduce the high level signal pur out by 
the circuit under test. Since the ampli- 
tude of the markers is insufficient in 
the face of the high test circuit output, 
rhe input should be reduced or the "Test 
In" amplitude reduced to obtain the 
proper signaJ-ro-marker ratio for satis- 
factory marker display. 
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EDITOR'S NOTE 
Q Meter Survives Re-Entry 


The 8-mile <iiive west on Rouce 46 t 
from Mountain Lakes ro Dover, New 
Jersey is an exciting safari. Deluxe 
beaneries, vari colored gas pomps, sign- 
infested discount stores, glowing bill- 
boards, and ocher scenic wonders, too 
oumerous to mention* are breathtaking, 
even on a dull day. On December 2, 
during one of these treks from desk to 
dinner table, your editor was eye- 
witness to something he knows will be 
of extreme interest to Notebook read- 
ers, especially rocket enthusiasts and 
moon watchers. 

It was a little after 5 o’clock; the sun 
was not more than a few minutes be- 
low the horizon; and a group of other 
homeward-bound auto pilots andmy- 
self were jockeying for "posSr?o^^^m?_ 
8 -mile run to Dover. Suddenly a/rccF 
glowing object fell from jhe^sky onto 
the roadway ah^^pan3~7arred me from 
my hypnotic stupor . T’~was~aboty third 
in line and hacF to leamJi€a j 7^y :: prr = ffie” 
brake to avoid— crashi ng mco -tha auto- 
mobile ahead "g? ~~me. W ith they other 
drivers, 1 got out ro iovesdgate.\The 
heat was so incense, we could no 
within twenty feet of the-obj©^^cfter 
a few minutes however, the object no 
longer ed glowed, and appeared to be 
cooling rapidly. 


The small crowd that had gathered 
by this time, edged closer to the object, 
until those of us in the lead were within 
5 feet of it. It was then that I got the 
surprise of my life. The object in the 
road was unmistakably a BRC Type 
260-A Q Meter. This didn't .seem pos- 
sible; after all, the object had fallen 
from the sky; but there it was. 

When I was ablej tg^egain my com- 
posure, LdasKelSa^i^&^^public tele- 
phone, and phon^^M^^JSboi^, head 
of the BRC engfffeejif 
Mr. Moore-ftf^Vea. on^ l 


r 




The Type 160- A Q Meier shown soaring through 
space was actuaity received (or repair after it 
had been damaged by fire, inspection person- 
net at BRC were amaied to find the instrument 
in operating condition. 


ten minutes later, attired in volunteer 
firemen’s garb, and convinced the local 
police that rhe instrument should be 
transported to rhe BRC laboratory for 
examination. 

The instrument was examined with 
utmost care by Larry Cook, Quality Con- 
trol Engineer, Bob Barth, Inspection 
Foreman, and other BRC engineers, and 
a full report was prepared and pre- 
sented at a special board meeting held 
on Wednesday, December 4rh* Copies 
of the report have been distributed to 
capital hill and interested government 
agencies. The contents remain confi- 
dential as this account goes to press, 
but 1 have been authorized by proper 
authority to disclose two unusual facts: 
the 260-A Q Meter was tested and 
found to be in good working order, 
(incredible as this may seem); the 
examiners noted what appeared to be 
the paw marks of a dog on the instru- 
ment’s front panel. 

■ Notebook readers, 
writing this off as 
ucer story; but let 
ptics that this ac- 
will be substant- 
the security ban is 
me, we have been 
h the photograph 
r ■ The Q Meter 
that fell from die 
sky. Note rhe damaged front panel. 
Naturally, for die sake of security, the 
paw marks have been cleverly removed 
by a retouch artist. 
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A Q Comparator 

JAMES E. WACHTER, Project Engineer 



Figure 1. Two-unit das igfi of the Type 265+A Q Comparator puls the test circuit portion of 
the Instrument at the front of the test position where H is needed, and >he indicator portion 
at the rear of the test position, out of the way buf wft/>in easy view. 


h would bo difficult to imagine that 
any industry has expanded more chan 
che electronic industry during the past 
decade, The production of television re- 
ceivers, electronic control devices, com- 
puters, and many ocher electronic de- 
vices has soared during this time. With 
this increased production of electronic 
devices came ever increasing demands 
for enormous quantities of electronic 
components including coils, capacitors, 
resistors, and these components wired in 
combination. This brought about the 
inevitable need for faster methods of 
producing these components. 

Developers went co work on the 
problem and today che fruits of their 
labor are evident in the numerous auto- 
matic producrion machines which are 
standard equipment in the plants of 
many of the electronic component manu- 
facturers, These same manufacturers are 
producing thousands of coils, capacitors, 
and resisrocs daily. Production wise the 
challenge has been met. 

Reports from some of cbe electronic 
components manufacturers indicate, 
however, that not all is well. It appears 
that, in some areas, insrrumenration for 
c heck ing t hese campon e o ts aga i ns t ma n u - 
facturer's tolerances has not kept pace. 
Today, manufacturers are interested in 
getting trend and reject information 
from the inspection operation back to 
the production operation as quickly as 
possible ro keep production within de- 
sign tolerances and to keep rejects to 
a jt) ini mum. This cannot be done with 
available instruments. 

This article describes and delves some- 
what into che design principles of an 
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instrument which will meet present day 
requirements for a fast and accurate 
means for determining relative Q, in- 
ductance, capacitance, and resistance. 
The instrument, BRC's Type 265-A Q 
Comparator, is now in production. 

GENERAL DESCRIPTION 

The Q Comparator is comprised es- 
sentially of a swept -frequency oscil- 
laror, Q meter-type measuring circuit 
with derecior, vertical amplifier, dif- 
ferentiator, spot generator, horizontal 
amplifier with blanking circui^caihode- 
ray cube, and power supply, ( Figure 2 ) . 
The swept-frequcncy oscillator and 
measuring circuit are assembled into a 
relatively small unit which is cable- 
and-plug connected to the main unit 
containing the carh ode-ray rube and re- 
maining circuitry. With this arrange- 
ment, che portion of the instrument on 
which die test connections are made 
can be used at the front of an inspection 
bench, taking up do more space than 


most inspection gauges or f ixtures, while 
the main indicator portion of the in- 
stalment is placed at the rear of the 
bench or rack mourned off the bench 
altogether, out of the working area, 
(See Figure 1 ) . 

The initial set up of the Q Compara- 
tor is performed by a tesc engineer or 
other suitably skilled person, using a 
standard component having the char- 
acteristics that are desired in chc pro- 
duction components. The set-up pro- 
cedure, which will be explained later, 
results in a dot at the center of chc 
CRT when the standard component is 
connected to the Q Comparator test 
circuit. Following this Set up, compara- 
tively- unskilled personnel can rapidly 
cheek producrion components by simply 
connecting them to the test circuit and 
observing the position of the dot on 
che CRT, These are no tuning opera- 
tions ro be performed and no meter 
readings ro be evaluated. 

Any dot which does not appear at 
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rhe center of the CRT indicates that 
the component under cesr is different 
than the standard. Deviation along the 
vertical axis shows a change in Q and 
deviation along rhe horizontal axis 
shows a change, in L (inductance) or 
C ( capacitance) . It becomes apparent 
that any desired lirnir conditions could 
be grease penciled on the CRT, and any 
dot falling outside these boundaries 
would then indicate a reject component. 
In addition co performing rhis 'go — 
no-go" function, the insrrumenc will 
supply trend information quickly so that 
in many cases production can be altered 
before re jeers occur. 

SET-UP PROCEDURE 

The standard component is connected 
to the Q Comparator test circuit, which 
is a basic Q-meter resonant circuit con- 
taining an injection impedance and 
resonating capacitor. With rhe oscil- 
lator tuning capacitor motor rumed off. 
the capacitor is set to irs center fre- 
quency position by means of a detent 
in its shaft. An oscillator coil cover- 
ing the desired test frequency is selected 
and plugged into the oscillator circuit 
and cuned to the desired frequency by 
means of its calibrated adjustment 
screw. The capacitor detent is released 
and the motor actuated. By means of a 
switch, either of two sweep widths may 
be selected; it25% or ±5% of che 
center capacitance in the oscillator cir- 
cuit. It is simpler to use the wider sweep 
during che set up and then reduce it 
later if desired. 

The adjustments made thus far are 
performed on the rest circuit unit. The 
remaining adjustments concern the CRT 
display. The intensity is turned up and 
a fixed dc voltage is applied to the 
vertical deflection amplifiers by means 
of a function selector switch. Under 
this condition, a horizontal trace ap- 
pears on the CRT. The trace is verti- 
cally and horizontally centered on the 
CRT by adjusting the vertical and hori- 
zontal deflection voltages respectively. 
The length of the trace, corresponding 
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REMOTE INDICATOR UNIT 
Figure 2. O Comparator Block Diagram 


to the sweep width, is sec co che desired 
size by varying rhe gain of the hori- 
zontal amplifier. The Q calibration of 
the CRT is made by varying rhe gain 
of the vertical amplifier. With che fore- 
going procedures completed, the func- 
tion selector switch is put in the test 
position and the resonating capacitor ( in 
the test circuit) is tuned for resonance. 

Either of two resonating capacitors 
may be used, depending upon whether 
a high or low value of capacitance is 
required. Resonance will be indicated 
on the CRT by the appearance of a 
resonance curve or a portion of a reso- 
nance curve. The RF level of rhe oscil- 
lator is adjusted so as to raise or lower 
the peak of the resonance curve to che 
vertical center of che CRT, The reso- 
nating capacitor is finely tuned co lo- 
cate the peak ac che horizontal center 
of rhe CRT. 

Adjustment of the "Dor Position 1 ' 
control will cause an intensified dot to 
appear on the resonance curve and co 
be moved across the peak of rhe curve. 
The doc is positioned at the highest 
point of the resonance curve; he., the 
center of the CRT (Figure 3). A "Hi 
Q - Low Q" switch permits the "Dot 
Position" control to function properly 
under cither high or low-Q conditions. 
With rhe doc in position, che intensity 
of rhe display is reduced with che "In- 
tensity" control until the resonance 
curve disappears and only the doc re- 
mains. The "Astigmatism” and "Focus” 
controls are adjusted for the sharpest 


and most symmetrical dor. The Q Com- 
parator is now ready for use. 

DESIGN TECHNIQUES 

Oscillator and Sweep Generator 

The oscillator is a simple one operat- 
ing in the 200-kc to 70-mc range and 
consisting of a cross-connected 12AU7 
double criode. Electrically the oscillator 
section is quite conventional. The tun- 
ing arrangements of che oscillator on 
che other hand aj-e somewhat u n coo- 
ven rionaL 

Tuning for center frequency is ac- 
complished by means of variable io- 
ductances io the oscillator tank circuit, 
while the variable (swept) tuning is 
accomplished by a motor -driven capaci- 
tor. With this system, the ratio of rhe 
capacitance variation to the total aver- 
age capacitance is independent of the 
coils used, and the same relative re- 
actance variation can be obtained foe 
any c&nter frequency. The Output of 
the oscillator is coupled via a loop to 
the injection impedance of the test 
circuit detector. Amplitude is controlled 
by varying the place voltage of the 
oscillator rube. 

Simultaneously with providing a swept 
frequency, one sea ion of rhe motor - 
driven capadcor serves to generate a 
sawtooth voltage for the horizontal 
sweep (corresponding to che X axis on 
rhe cathode-ray cube) which is always 
in synchronism with the instantaneous 
frequency deviation. 
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Detector 

In addition to the detector itself the 
derecro r secrion contains the test circuit 
which is a Q-meter arrangement with 
a two-section tuning capacitor for high 
and low frequencies. The detector 
proper is an ''infinite impedance" type 
(cathode follower). A I2AU7 double 
triode is used for this purpose with 
one of the tube sections being used for 
compensation of heater voltage changes. 

Vertical Amplifier 

The vertical amplifier consists of rwo 
cascaded differencial dc amplifiers, DC 
amplification is required in order ro 
keep the base line (corresponding to a 
no-rnput signal) in place so that the 
height of the resonance curve can be 
measured from this base for any posi- 
tion or width of the resonance peak. 
The differential amplifiers provide a 
simple means for balancing level varia- 
tions caused by heater voltage changes, 
and depressing the base line so that only 
the peaks of the resonance curves show 
on the CRT screen. 

A voltage divider stabilized with a 
neon lamp provides a means for setting 
up and checking the vertical amplifica- 
tion at the input of the vertical amplifier. 
The amplification of the vertical channel 
can be adjusted by varying the amount 
of negative feedback in the first stage. 

The vertical amplifier also delivers 
the input signal to the differentiator. 

Differentiator and Trigger 

The differentiator-trigger circuit, con- 
sisting of a feed back -pen rode differen- 
tiator between two cathode followers, 
provides a trigger pulse for the dot 
generator at the precise moment of the 
resonance curve peak. The differentia- 
tor produces first and second deriva- 
tives of the resonance curve which, in 
turn, are used to anticipate rhe peak 
of the resonance curve to allow for 
circuit delays. 

In addition to acting as a source of 
feedback voltage to the differentiator 
proper, the second cathode follower 
drives the input amplifier to the trigger 
circuit. A minimum number of coupling 
capacitors have been used in the circuit 
in order to keep down any charging 
effects. 

The trigger circuit comprises two cas- 
caded modified "Schmitt" triggers and 
are essentially overdriven amplifiers de- 
livering a well defined voltage step of 
constant amplitude at the moment the 
input voltage reaches a predetermined 
level. 



figure 3. Q Comparator CRT Display * 


Spot Generator 

The step voltage from the trigger is 
differentiated and serves to initiate the 
final brighrening pulse. This pulse is 


generated in a moooscable multivibra- 
tor. Tn order to obtain a pulse of high 
amplitude and very short duration with- 
out excessive power coimi mption, high 
value load resistors are usecl and feed- 
back and coupling capacirors of the 
multivibrator consist of the distributed 
and rube capacitances. 

Horizontal Amplifier 

A small sawtooth voltage is obtained 
from an RC network containing a ro- 
tating capacitor and amplified to a suf- 
ficient level to cover the entire CRT 
screen. Filters isolate the sawtooth gen- 
eration from the oscillator. The first 
two stages of this amplifier are con- 
ventional RC-coupled modes, with lime 
constants that keep the sawtooth from 
deteriorating in shape. The final stage 
is a differential amplifier which pro- 
vides a push-pull output and an easy 
means for centering the trace on the 
CRT screen. 

One of the sawtooth outputs is dif- 
ferentiated inro a square wave and 
used for actuating the blanking circuit. 
Blanking is necessary because of rhe 
slight nonlinearity of rhe sweep voltage 
which produces rwo resonance peaks 
side-by-side on rhe CRT screen. Elimi- 
nating the brightened dot from one of 
these results in the display becoming 
single-valued. 

Cothode-Roy Tube 

A cathode- ray tube is used as the 
display element, with the X axis hori- 
zontal and rhe Q axis vertical. The 
type 5ABP1, a 5-inch post-deflection 
accelerator tube, was chosen for this 
purpose because it requires the simplest 
amplifying and power supply circuitry. 

The cube is operated with its cathode 
at — 1700 volts, the deflection system 
at a few hundred volts positive, and 
rhe post accelerator at -|- 1700 volts. An 
astigmatism control is required in addi- 
tion to rhe usual focus and brightness 
controls, in order to provide a bright- 
ened dot that is reasonably small (about 
1 mm) and circular. The brightness of 
the doc is considerably higher than 
would be used in a line display. 

A magnetic shield isolates rhe CRT 
from the transformers and chokes in 
the power supply and from the driving 
motor in the oscillator and sweep gen- 
erator sections. 

Power Supply 

The power supply supplies all of the 
voltages required by rhe Q Comparator. 
Certain of these voltage lines are stabil- 
ized with voltage regulator tubes be- 
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cause they feed stages sensitive to dc 
level changes. In some instances cubes 
will occasionally have their cathodes 
operating at close to +150 voIls or 
— 150 volts. In these cases only cubes 
with high permissible heater -each ode 
voltage racings have been employed. 
This eliminates the need for separate 
filament windings. 

Because of the number of tubes used 
in rhe instrument, some drawing rela- 
tively heavy currents during shorr in- 


tervals (pulses), thorough filtering is 
employed in the power supply in addi- 
tion to seaionwise decoupling. 

CONCLUSION 

In the Type 265-A Q Comparator, 
BRC believes it has developed an in- 
strument which will be invaluable to 
manufacturers of electronic components. 
The comparator provides comparison 
measurements of relative Q, inductance, 
and capacitance easily and accurately. 


Since these measurements require merely 
the visual inspection of a dot on a 
cathode-ray tube screen, the instrument 
can be operated by unskilled personnel 
once it is set up. 

BRC customers interested in the Q 
Comparator may obtain information 
from one of the BRC representatives 
listed on page 8 of the Notebook. Also, 
the instrument will be on display in 
the BRC booth ar the IRE show jn New 
York City during March 24 through 27. 


Remote Measurements with the RX Meter 
Employing Half-Wavelength Lines 


Previous Notebook articles. Fall 1954, 
issue number 3, page 7 and Summer 
1956 issue number 10, page 5 broached 
rhe subject of measuring impedances 
which are necessarily located some dis- 
tance from an RX Meter bur connected 
to the RX Meter through a coostanc 
impedance transmission line. The pro- 
cedures to be described in the present 
article while not necessarily limited to 
constant impedance transmission line 
circuits will be restricted rhereto be- 
cause of the great simplification in data 
processing which results from the use of 
constant impedance transmission lines. 
It is the purpose of the present article 
to carefully consider rhe use of half- 
wavelength transmission lines of con- 
stant characteristic impedance, Z> for 
remote impedance measurements with 
the Type 250-A RX Meter. The view- 
point is toward establishing simple pro- 
cedures for interpreting the RX Meter 
readings through eirher lossless or lossy 
transmission lines to an unknown termi- 
nal impedance via the Smith Chart. 

Transmission Line Equations 

The equation which relates input 
impedance, Z* to the characteristic im- 
pedance Z> of a transmission line and 
the load resistance Z , is given for the 
general case by 

Z t cosh yl -|- Z„ sinh yl 
Zi - Z„ ( l ) 

Z fc cosh yl + Z; sinh yl 

where the complex propagation constant 

y = J (R + jwL) (G + jfcjC), (2) 

for the distributed series resistance, R; 
inductance, L; shunt conductance, G; 
and capacitance, C per unit length. 


ROBERT POIRIER, Development Engineer 

Some special cases are considered as 
follows: 

For Z, = Z, 

Zi = z, 

for any distance / between the load 
impedance and rhe measuring point. 

Zo 

When Z/ — co ( — ~ 0 ) 

Z, 

as in the case of an open circuit terminal 
cosh yl Z,i 

Z 5 > - Z (J ( 3 ) 

sinh yl tanh yl 

and when Z ; — G as in the case of a 

shore circuit terminal 

Z, — Z, tanh yl - (4) 

By manipulating equations (3) and (4) 
we have 


Z, = J Z, z, (5) 


and 



In rhis article we are primarily con- 
cerned with half-wavelength lines for 
which Z' ^d Z* are pure resistances, 
R h and R* respectively. Also from (5) 
and (6) 

Z rt 

tanh yl = — ( 7 ) 

Rp 

and separating y inro Of j/? we have 
for i/ 2 wavelength lines 


211,, Z M 

tanh 2 at — (8) 

V + Z,. 1 

and 

tan 2^ = 0 (9) 

Equation (8) may be written as 
2 R,, Z> 

oil — J/9 tanh —I 

V + Z , 2 

which for R^ > 5Z„ reduces to 

Z, Z, 

atl-zz — neper or 8.69 — db • 

*i. Ri> 

Equation (8) relaces the input re- 
sistance, R„ measured at integral half- 
wavelength distances from the open or 
short circuited end of a Z„ character- 
istic impedance transmission line to the 
total transmission loss <xl of the length, 
l transmission line. We note that for 
lossless lines ( cxl ~ 0) R,, may be 
either 0 or co but for transmission loss 
in excess of 20db R ]t approaches Z„ for 
either open- or short circuited terminals 
or any termination in between open or 
short. Equation (8) is plotted in Fig- 
ure 1 for the open and short circuit 
limits and from these a family of curves 
is generated to show the effect of trans- 
mission loss in db on rhe measured re- 
sistance of various resistive terminations 
separated from the measuring point by 
integral half wavelengths of transmis- 
sion line. The characteristic impedance, 
Z (l of die transmission line has been 
assumed 50 ohms for this illustration. 
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Figure ). Apparent change at load resistance versos line lass in db when viewed from positions 
located on Integral number of hctf-wavefenglhs from the termination. 


The Smith Chart 

The Smith Chart is a family of solu- 
tions contained within a unit circle for 
the transmission line equations in terms 
of the series orthogonal components 
and may be interpreted for R + jX of 
impedance or G -+- )ft of admittance. 
The polar coordinates of the unit circle 
are reflea ion coefficient, p and line 
length, ftl in terms of wavelength. The 
maximum radius of the unit circle there- 
fore corresponds to a reflection coeffi- 
cient of I and the center to a reflection 
coefficient of 0. This is related to 
VSWR as 

1+p 

VSWR = 

1 - p 

So far as rhe series components of 
impedance or admittance are concerned, 
one -ha If wavelength of ft l corresponds 
to a complete cycle and to 360° or one 
full turn around the chart. Smith Charts 
are available with the orthogonal co- 
ordinates calibrated in resistance and re- 
actance for 50 ohm character iscic im- 
pedance, conductance and susceptance 
for 20 m Ohm ho characteristic admit- 
tance, or normalized impedance or ad- 
mittance coordinates; 

R jX G jB 

— , zb —, — , and zb — 

Z, Z. Vo Y v 

Usually included on the Smith Charts 

are die radially scaled parameters; re- 
flection coefficient and loss, standing 
wave ratio and transmission loss. 

For the purpose of illustrating the ef- 
fect of transmission loss on Smith Chart 
plots, Figure 2 shows a normalized 

coordinate Smith Chart with ldb steps 
of transmission loss drawn as concen- 
tric circles. The intersection of these 
circles with the resists nee /conductance 
axis corresponds, in Figure 1, to the 
intersea ions of the open and short 

circuit curves with whole integers of db 
and shows (as in Figure 1 ) the effect 
of traosmission loss on the measured 
resistance of open or short circuit termi- 
nals ar integral half-wavelengrh inter- 
vals in ldb steps. 

Consider for example an open cir- 
cuit termination. This corresponds m 
impedance coordinates to the extreme 
right end of the resistance axis and in 
admittance coordinates to the extreme 
left end of rhe admittance axis. An 
inregral number of half wavelengths re- 
moved from the Termination along a 
transmission line corresponds in rhe 
lossless case to the same integral num- 


ber of clockwise revolutions around the 
Smith Chart, at constant radius, where 
rhe open circuit termination still ap- 
pears as an open circuit. Bur for an 
integral number of half wavelengrhsand 
with ldb removed from the Termina- 
tion, the impedance or admittance locus 
spirals clockwise toward rhe center of 
the chart for the number of complete 
revolutions corresponding the number 
of ha If -wavelength line lengths to the 
circle representing l db transmission 
loss* In this case, we read from Figure 2 
for the open circuit termination; 
R = S.7Z W ohms { 435 ohms for 
Zo — 50 ohms) or G = 0.115Y 4i mill j- 
mhos, or from Figure 1; R = 435 ohms. 

Measurement Procedure 

The basic operations associated with 
remote impedance measurements em- 
ploying the RX Meter arc outlined as 
follows: 

1. Establish a length of uniform char- 
acteristic impedance Transmission line 
between the RX Meter and rhe measur- 
ing point to be exactly an integral num- 
ber of half wavelengths by providing 
an open circuit termination exactly ac 
the location where the impedance to 
be measured will be located. Adjust the 
line length and/or rhe measuring fre- 
quency so rhat the RX Meter, appro- 
priately rnned and balanced, reads a 
resistance; R (> > Z 0 and C |t = 0. For 
50-ohm coax it is expedient to use the 


Coax Adapter Kit Type 5 1 5- A for con- 
necting to rhe RX Meter. Record R r ,. 
The effective parallel resistance thus 
obtained for an open-circuited line may 
be located on Figure l or a Smith Chart 
to determine rhe total transmission loss 
between the RX Meter and die open cir- 
cuit. Record the total transmission loss. 
As an example, if the RX Meter reads 
R,, = 1,000 ohms C u = 0 from Figure 
1 or Figure 2, the total transmission loss 
is 0 4db. 

In setting up rhe proper length trans- 
mission line it is preferable to ?ivoid 
rhe use of a multiplicity of patch cords 
and/or constant impedance adjustable 
lines which are not exactly constant im- 
pedance. The reason for this is char 
adjustable lines and cable connectors 
( the latter especially when carelessly 
assembled and/or not kept cleat of 
grease, dirt and the little brass chips and 
flakes of silver plate which rend to ac- 
cumulate) produce discontimiit ies 
which cause changes in VSWR inde- 
pendently of the VSWR changes due 
to transmission loss. The operator in 
this case is faced with the choices of 
attempting to account for all discon- 
tinuities, eliminating rhem, or neglect- 
ing them. 

2. Connect the impedance to be 
measured at the end of the transmission 
line tn place of the open circuit. Re- 
balance the RX Meter aod read and re- 
cord R 1P and Q,. Since rhe RX Merer 
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Figure 2. SnWrfi Chart illustrating transmission loss. 


reads out parallel components it is con- 
venient to convert the reading to 
normalized admitrance coordinates, 

1000 j 1000coC Ifc 

G = and B — 

Y 4 ,R lt Y„ 

per unit millimho and locate the co- 
ordinates on a Smith Chart. 

3 Consider a radius line drawn from 
the center of the Smith Chart through 
the located admittance. Since the trans- 
mission line has been established exactly 
an integral number of half wavelengths, 
rhe acrual admittance at the end of line 
must be somewhere on this radius, 
there being no net change in fit for 
integral numbers of half wavelengths. 
For lossless or re fleet ion less transmis- 
sion the admittance at rhe end of the 
line is the same as measured at the inpur 
end of the line. For lossy transmission 
with reflection the VSWR on the line 
will be increasing toward the load. The 
actual load admittance may be eval- 
uated by adding the total transmission 
loss, previously determined, to rhe meas- 
ured admitrance along the radius vector 
away from rhe center of the Smith 
Chan. That is ro say, the coral trans- 
mission loss in db js added along the 
radial transmission loss scale in db away 
from the center of the Smith Chart, 
which is the direction for approaching 
the load to locate the point on the chart 
denoting the admittance (or impedance) 
of rhe load proper 

Examples 

To illustrate step 3- above, let us sup- 
pose that the transmission loss of a 
given cable of one-half-wavelength 50- 
ohms characteristic impedance has been 
found to be 0.4db according ro step 1, 
and that an RX Merer has indicated 
R h = 170 ohms C,> — 0 for the termi- 
nation and line. This may be plotted 
directly either as normalized conduc- 
tance or normalized resistance since the 
series components axe the same as the 
parallel components for pure resistance. 
On Figure 2 this data is plotted as 
conductance 

1000 

G = = 0.294 

20 X 170 

per unit millimho. Scaling 0.4db along 
rhe conductance axis away from rhe 
center from 0.294 =!= jO we find 
0.25 dr jO per unit millimho or 200 
ohms for the termination. This result 
can also be obtained from Figure L 
which is plotted for pure resistance 


terminations. The entire admitrance 
locus for any point on the transmission 
line is shown on Figure 2 as a dashed 
line spiral of one revolution for the 
one half wavelength total line length. 

A second example is considered as 
follows: 

In this case, step 1 for 50-ohm coax 
reveals — 150 ohms = 0. From 
Figure 1 or Figure 2 the total transmis- 
sion loss is 3 db. Step 2 reveals R,> = 30 
ohms C,, — 7.0 at 100 me. Con- 
verting ro normalized admittance co- 
ordinates 

50 

G = — = 1.67 and B = — j 50 ax 
30 

Cj, = — j0.22. This point is located 
on the chan and a radial line through 
this potoc extended 3db away from 
center locates 2,8 — jl.O per unit ad- 
mittance at the termination or 

50 

R, t — — 17.9 ohms 

2.8 

and Cp = — 31.8ft/*#. For the purpose 


of simplifying the figure, the spiral ad- 
mittance locus, mainly a matter of aca- 
demic interest, was omitted in this ex- 
ample. Moreover, to plot the locus it 
is necessary to know che length of rhe 
line in wavelengths which was nor 
given as data. 

Some Aspects of Balanced Line 
Measurements 

The foregoing procedures are es- 
sentially applicable for either unbal- 
anced coaxial transmission line or dual 
balanced transmission lines such as 
"twin lead”; directly so when the bal- 
anced to unbalanced transition known 
as a balun is omitted and the two wires 
of the balanced line are connected di- 
rectly to the Hi and Lo binding posts 
of the RX Meter. This procedure ts 
subject m error resulting from unbal- 
anced capacitance effects at the biadmg 
poses which may be minimized by lead- 
ing the balanced line vertically away 
from rhe bridge. If a balun is employed 
a multiplying factor of 4 is required 
iu going from unbalanced to balanced 
impedance and from balanced to un- 
balanced admittance. If the transmis- 
sion line includes both balanced and 
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unbalanced seer ions the balanced, and 
unbalanced sections may be any length 
each, provided that dhe total transmis- 
sion length is an integral number of 
half wavelengths aad that the character- 
istic impedance of the balanced section 
is exactly 4 tunes the characteristic im- 
pedance of the unbalanced secdoo. The 
total transmission loss is evaluated, as 
previously, by measuring R v for the 
open circuited inregral half -wavelength 
transmission line, locating R, ( on the 
Smith Chan, and measuring attenua- 
tion on the db scale berween R = ca 
and R,,. ]f the balanced to unbalanced 
characteristic impedance ratio is not 
exactly 4:1 then the two sections muse 
be each adjusted to exactly an inregral 
number of half wavelengrhs and the 


Over six years ago, BRC entered rhe 
business aviation field wich the pur- 
chase of a Beechcraft Bonanza Aircraft 
for executive transportation. Recently 
we replaced this single-engine plane 
with a multi-engine Cessna 310, shown 
in the photograph. Because BRC is lo- 
cated on the fringe of Metropolitan 
New York, an area offeriog three major 
airports and fourteen domestic airlines, 
one would presume chat wc should have 
very little use for a business aircraft. 
Quite the opposite is true: we find 
rhe airplane to be extremely useful for 
handling our business transportation 
problems. 

There are many advantages of owning 
and operating our own business air- 
craft- the most apparent being the time 
saved and the fact char we are nor 
bound by firm schedules. For example, 
in order to travel via commercial air- 
lines, an executive must depart from his 
office at least 2 hours before the sched- 
uled departure time. Using rhe company 
aircraft, he can be in the air and on his 
way in 43 minutes. Since he sets his 
own departure time, he can tend to 
those "last minuce details k> before leav- 
ing. Also, with this type of operation, 
we are not limited to airline -served 
cities, but may use the facilities of most 
of rhe military and civil airports located 
throughout the country. 

Our new Cessna 310 may be briefly 
described as a multi-engine, five-place, 
low- wing monoplane with retractable 
tricycle landing- gear. At a distance in 
flight it resembles a jet aircraft. This 
allusion probably stems from the large 
wing-rip fuel tanks (each holds 50 gaj- 


total transmission loss may be evaluated 
as previously. 

Generally, measurements made with 
balanced lines are more subject to error 
than unbalanced coaxial. Primarily these 
errors result from discontinuities in Z u 
caused by unmatched cable connectors 
and the close proximity of the balanced 
sections io conducting objects. Here 
again, rhe choices axe to account for all 
discontinuities, eliminate them or ne- 
glect them. 
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new Casino 310 shown ol the Morristown 
Municipal airport where It Is bcied- 

Ions of fuel). The engines are a re- 
ciprocating type, consisting of two six- 
cylinder horizon tally -opposed engines 
developing 240 HP each. The fuel 
tanks* together with the relatively short 
2 5 -foot length over-all and 36-foot wing 
span add greatly to the inflight stability 
of the aircraft. The 310 is aerodynamk- 
ally clean in design, offering very low 
drag resistance. This reduction in drag 
resistance is accomplished mostly by 
good engine and cowling design. Each 
powetplant is installed in a 2 1- inch 
deep cowling which is an airfoil section 
contributing lift to the wing area. The 
powerplant accessories are completely 
duplicated on each engine so that in 
rhe event of a complete engine failure 
in either unit rhe generator output of 
only one is lost. The output of the other 
generator is more than ample to operate 
the electrical system and accessories of 
the plane. 

At full load, the 310 will cruise at a 
speed of 205 MPH and cUrob ac a rate 


of 1700 feet per minute near sea-level. 
It has a range of 875 miles and a service 
ceiling of 20,000 feet. The gross weight 
is 4600 pounds and the useful load is 
1750 pounds. 

Navigation and communication are 
no problem to the pilot because the 
BRC plane is amply equipped with rhe 
following impressive list of navigation 
and communication equipment. 

ADF Receiver 

VHF Navigation Receiver 

VHP Communications Transceiver 

VHF Standby Transminer 

1LS Glide Slope Receiver 

Marker Beacon Receiver 

Audio Amplifier 

If wc seem as enthusiastic about our 
airplane as a child with a new toy, it is 
because the aircraft has become an im- 
portant pan of our business operation. 
A recent business trip made by company 
executives typifies the ground that can 
be covered wich this type of travel. The 
BRC group enplaned for a mid-morning 
departure from Morristown, New Jersey 
and arrived for a luncheon business 
meering in Cleveland. They departed in 
mid-afternoon, arriving in Chicago late 
that same afternoon for meetings and 
dinner. After dinner, they left for 
Omaha, where they remained overnight. 
Departing the next morning, they ar- 
rived in Denver in rime for noon ap- 
pointments. We doubt [hat such a 
schedule could be maintained utilizing 
public transportation facilities. 

ANOTHER Q METER CONTEST 

In 1955, and again in 1957, BRC 
awarded Type 160- A Q Meters ro lucky, 
persons who visited rhe BRC booth at 
rhe IRE shows held in New York City 
in March of those years. The first 
award was determined by means of a 
drawing of registration cards filled out 
by guests at the BRC booth. In 1957 
a new twist was added when guests 
were invited to estimate rhe Q of a 
specially wound coil exhibited ac the 
booth, the person guessing closest to 
the actual measured Q being awarded 
the Q Merer, 

The latter contest stimulated so much 
interest ac rhe show last year chat BRC 
has decided to sponsor a similar con- 
test this year. A factory reconditioned 
L60-A Q Meter will be awarded again 
to the person whose Q estimate is clos- 
est to the measured Q of the "mystery' 7 
coil. Be assured chac the coil will be as 
weird in shape and dimension as rhe 
fiendish minds of the BRC engineers 
can make it. See the coil, together wich 
the Q Meter, at the IRE show m New 


New Wings for BRC 

EDSOKl W. BEATTY, BRC Pilot 
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York City during March 24 through 
27 and judge for yoursejf. 

Contest rules will be the same as 
they were last year. The person who 
submits the Q estimate which is the 
closest to the actual Q of the coil, as 
measured by the BRC quality control 
engineer in the company standards 
laboratory* wil) be declared the contest 
winner. In case of a tie* a drawing 
will be made to decide the winner. 

If you have some measuring problem, 
drop around to booths MO l and 3102 
at the show, we look forward to serv- 
ing you. Maybe you will win a Q 
Merer for your trouble. 



Mormon L. Riemamchnaidar 


BRC FIELD ENGINEERING STAFF 

Pacing the growth of the electronic 
industry in the various geographical 
areas of the Country* we have en- 
deavored to provide a staff of capable, 
well-trained field engineers to serve our 
customers in each territory. Below you 
will find a complete listing of our lo- 
cal field offices where, through a simple 
local telephone call, complete engineer- 
ing assistance on the application of our 
instruments may be obtained- In addi- 
tion, wc main rain a field engineering 
group ar our factory in Boonton, New 
Jersey ro serve the local areas and also 
to assist our representatives in special 
applications. Our present home office 
staff includes Norman L. Riemensch- 
neider and George P. McCasland* and 
we Thought we would rake this oppor- 
tunity to introduce these engineers to 
you. 

"Norm” joined BRC in 1953 as Sales 
Engineer and has concentrated on serv- 
ing customers in the Metropolitan New 
York and Philadelphia areas. He re- 
ceived his B.S. in Electrical Engineer- 
ing from Newark College of Engineer- 
ing in 1943 and, drawing upon his 17 
years of experience in the electronic 
industry, augmented by amateur radio 
experience dating back to 1938, has 
developed a wealth of valuable applica- 
tion information that has continually 
saved countless time and effort for our 
many customers, 

"George” joined BRC just this past 
January and promises to be a welcome 
addition to our staff. He received his 


B.S. in Electrical Engineering from the 
University of Virginia in 1952 and his 
M.S. in Industrial Management from 
M.J.T. in 1954, With 3 years of ex- 
perience in electronic systems develop- 
ment and amateur radio experience dat- 
ing back to 1947, he is well qualified to 
assist our customers in the solution of 
their measurement problems. George 
will be responsible for serving our cus- 
tomers in die Metropolitan Baltimore 
and Washington areas. 

If you re attending the I.R.E. Show, 
why not drop by at Booth Numbers 
3101-2 and let Norm and George know 
of your instrumentation problems? A 
telephone caJJ to our plant, at any time, 
will place these engineers at your service. 



George P. McCaslond 
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A Control System for an FM Signal Generator 

CHARLES G. GORSS, Development Engineer 



figure J. Meek Diagram of Overa// System. 


The oscillator in an accurate fm sys- 
tem has cwo rather in com pa table re- 
quirements impressed upon it. First, it 
must be srable: its frequency must not 
change so much as 0,001% under the 
influence of environment, input voltage 
changes, or prolonged usage. On the 
other hand, it rnusr respond cheerfully 
and faithfully to a command to deviate 
from its assigned frequency according CO 
an applied modulating wave and return 
instantly to its preassigned frequency 
when the impressed voltage is removed. 
Of course, these demands upon an oscil- 
lator in an fm system are not impossible 
to meet, nor are they new. FM transmit- 
ters, employing many different tech- 
niques, have fulfilled these requirements 
for many years. Some of these methods 
are much coo complicated and inflexible 
for incorporation into a portable signal 
generator, and therefore have been dis- 
counted for this discussion. Instead, a 
system will be presented which has been 
developed specifically for use in a crystal 
controlled signal generator (Figure L), 
but whose accuracy features make it 
equally suitable for use in a transmitter. 

FM Oscillator 

Basically the oscillator to be used is a 
simple mode oscillator with a tuned 
plate circuit (Figure 2). A conventional 
reactance tube circuir has its plate tied 
to the oscillator plate. In this case the 
90° phase shift to the grid is such that 
the current through the tube lags the 
voltage across it by 90° and the reaci- 


YOU WILL FIND . . . 

A Control System for an FM 

Signal Generator J 

Signal Generator Performance ........ 4 

Meet Our Representatives & 

Modification of GJrcfe S/ope Signal 

Generator , Typo 23 2- A , for Improver/ 

RF Output 7 

O METHft CONTEST AWARD 7 


ance tube looks like an inductance whose 
value can be varied by varying die con- 
trol grid voltage. An ac voltage applied 
to the control grid modulates the oscil- 
lator in the prescribed manner by vary- 
ing the reatcance tube inductance. 

To keep die center frequency where 
it belongs, a moniroring device con- 
stantly monitors the number of cycles of 
rf occurring in a unit of time. Tins unit 
of time is long compared to a cycle of 
modulation, but short enough to correct 
for the factors which will bring about 
unwanted frequency shifts such as ther- 
mal changes, filament voltage drifts, and 
the slow changes that might occur in 
component values. Fortunately all of 
rhesc normal instability factors are meas- 
ured in seconds or longer, while the 
modulation periods are no longer chan 
1/20 of a second. The frequency moni- 
tor then applies a dc voltage to the re- 
actance tube grid, bringing about a 


steady -stare change in inductance which 
is of the proper direction and amplitude 
to correct the center frequency. 

Reference Oscillator 

The first objective in the frequency 
monitoring system should be to establish 
a stable reference to which the oscillator 
can be compared. A natural choice for 
this is a crystal oscillator operating near 
the unknown frequency. The reference 
oscillator chosen here is a conventional 
cwo-cube Butler oscillator (Figure 3) 
operating on the fifth overtone of a 
series resonating crystal, which is kepi 
in a temperature-controlled oven for fre- 
quency stabiliry, The fm oscillator and 
reference oscillator frequencies are mixed 
in- a suitable device and che difference 
frequency is rhen monitored. Since the 
unknown varies back and forth with 
modulation, some offset is required to 
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Figure 2. Reactance Tube Oscillator. 
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insure that che difference observed is 
always in che same direction, if this 
were not done, and should the difference 
pass through che zero beat, the result 
would lead co ambiguity because a cer- 
tain frequency difference would produce 
r.he same beat note, whether it were 
above Or below the reference. 

A difference frequency of 100 kc was 
chosen for this system because the widest 
deviation to be expected would be 75 
kc. This allows 25 kc of safety before 
zero beat is reached. If broader devia- 
tion were required, wider separation 
would have been considered. To con- 
sider specific numbers, the frequencies 
selected for the system are 48 me for 
the carrier and 47,9 me for die reference 
oscillator. 

By adding the reference, the require- 
ments put upon the frequency monitor 
are greatly relaxed. For example, a re- 
quirement of 0.001% maximum error 
at 48 me represents a frequency error of 
480 cydcs. Four hundred and eighty 
cycles out of the 100-kc difference on 
the other hand is roughly Vi%. This is 
approximately a 500 to I reduction in 
the stability which will be required of 
the frequency monitoring device. Using 
this approach, it is obvious that it is de- 
sirable to reduce the difference fre- 
quency to a minimum which is set by 
the requirements fox modulation. 

In practice, it is necessary to' separate 
the carrier oscillator from rhe mixer 
where the 100-kc difference is gener- 
ated, in order co prevent modulation of 
the carrier oscillator by the 100-kc 
difference frequency. Two cascaded, 
grounded -grid amplifiers with capacitive 
voltage dividers are employed to reduce 
the ner stage gain co unity and increase 
the isolation. This reduces the inci- 
dental AM caused by the 100 kc, to a 
level well below 1 / 2 %. 

Discriminator 

A court ter- type frequency discrimina- 
tor (Figure 4) is used to measure the IF 
and produce a dc output proportional to 


this frequency. In this circuit, a low- 
value capacitor is charged co a fixed 
voltage on each positive cycle and dis- 
charged into a high-value capacitor on 
each negative half cycle. A resistor con- 
nected across the high-value capacitor 
constantly discharges it. The voltage on 
the high-value capacitor therefore is di- 
rectly proportional to the rate at which 
rhe charging cycles occur, since each 
charging cycle delivers a constant charge 
(Q = CE; C being the low-value ca- 
pacitor and E the fixed voltage to which 
ch is capacitor charges). 

Limiters 

To assure constant charging voltage, 
several stages of limiting are included 
between the mixer, where the 100-kc 
IF is produced, and the discriminator. 



There are four stages which build rhe 
100-kc voltage up and limk it to a con- 
stant 200 volts peak to peak. The voltage 
into the discriminator is necessarily kept 
quite high to assure a sizeable output 
from the discriminator. This is necessary 
co insure that the discriminator output is 
high compared to thermal voltages and 
[lie voltages generated by cathode emis- 
sion in the dc amplifiers which follow 
in [he circuit. 

Detector 

There is still a possibility of instability 
in the output of rhe discriminator, be- 
cause the output of rhe limiters can 
fluctuate slightly with changes in supply 
voltages and component values. A 
change in the limiter outpur will result 
in a change in discriminator outpur 
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which is exactly proportional to the 
change in Jimicec output. Io order to 
cancel out any such instability, a peak- 
to*peak diode detector is also coupled 
to the output of the Limiter. The output 
of this detector is relatively independent 
of frequency, bur varies direcdy with 
peak amplitude. 

Differential DC Amplifiers 

The discriminator output is connected 
to one input of a differential dc ampli- 
fier, and the output of the peak-to-peak 
detector is connected to the other input 
of the differential dc amplifier. Since 
the output of the peak-co-peak detector 
is much higher than the output of the 
discriminator, ir muse be first divided 
down to match the output of the dis- 
criminator. Tire differential dc amplifier 
is so designed that only a difference be- 
tween rhe two inputs will result in an 
output variation. If both inputs vary 
simultaneously, as would result from a 
limiter output level change, no change 
jo ouepue results. However, should the 
frequency change, only the output of 
the discriminator would vary and an 
output change would appear amplified 
in the output of the differential dc 
amplifier. 

The output of the differential am- 
plifier is amplified further in another 
dc amplifier and then coupled back to 
the grid of the reactance rube. Inasmuch 
as the output of the last dc amplifier is 
at a plate voltage level, it is necessary to 
refer this output down to the grid 
voltage of the reactance tube. This is 
accomplished by returning a voltage 
divider off the plate of rhe dc amplifier 
to a negative supply of roughly — 150 
volts. Since the plate voltage is about 
-j - 1 50 volrs in this case, a tap about half 
way dowu the divider results in proper 
grid potential with a loss in forward 

gain of only 6 db. 

With the grid connected to the out- 


put of rhe dc amplifier the system will 
react strenuously against any change in 
frequency. The forward gain following 
die discriminator is sufficient to reduce 
any change in the natural resonant fre- 
quency to less than 1/100 of that change. 

AFC Defeat 

As might be expected, there is a flaw 
in this scheme. When the control circuit 
is first energized and rhe supply voltages 
are building up at various rates, it is 
possible that the 48-mc oscillator, under 
the influence of a reactance tube warm- 
up transient, might be forced down to 
47.8 me. This would result in 100~kc 
difference between the reference oscil- 
lator and rhe fm oscillator; the same dif- 
ference obtained with the fm oscillator 
operating at 48 me. The trouble here is 
that the phasing in the system is re- 
versed. Normally an increasing fre- 
quency would result in an increasing 
difference. In this case however, an in- 
crease in the fra oscillator frequency 
will rcsulr in a decrease in the 100-kc 
difference. The system is so phased that 
a decrease in IF results in a voltage 
coupled to die fra oscillator which will 
increase the oscillator frequency, and 
result in pushing the oscillator back to 
where it belongs. This is true as long as 
the frequency never gets lower than 
47.8 me. Should rhe frequency faJl be- 
low 47.8 me, the IF would be higher 
than rhe normal 100 kc. The discrimi- 
nator would then operate as if the fre- 
quency were too high, resulting in an 
output to rhe reactance tube grid which 
is in the direction to lower the oscil- 
lator frequency. Once thi sac cion starts, 
there Is no stopping it until all of the 
amplifiers and the reactance rube are 
saturated and can go no further. 

To break this deadlock, a momentary 
switch is added which breaks the AFC 
loop (Figure 1) and connects rhe re- 
actance tube grid ro a fixed volcage 


which is its normal operating volcage. 
This allows the oscillator to return to a 
point dose to 48 me When the loop 
is closed again, the AFC action returns 
ro normal and rhe 48 -me frequency is 
restored. 

Electric-Eye Indicator 

A 6E5 indicator tube is used as an 
indication of proper operation. When 
the output of the last dc amplifier is 
normal, the eye is approx imacely half 
opeo. If the system is out of control, 
the eye is completely closed. Therefore, 
anyone observing the eye will get an 
immediate indication of proper or im- 
proper operation of rhe system. Since 
the gain of the dc amplifier is quite 
high it takes little change in frequency 
ro cause the eye to go from the full- 
open to the full-closed condition. 

Another use is made of this indicator. 
Ic is desirable rbat the reactance rube 
operating point be fairly constant since 
it is being used for fm modulation. In 
time, a drift in component values would 
result in the operating point of the re- 
actance rube being shifted far off co 
one side of the linear range In order co 
hold die frequency accuracy, causing 
rhe modulation distortion to increase. 
To correct for this, an oscillator fine 
trimmer is coupled to the momentary 
AFC disabling switch in such a manner 
diat the operator can depress the switch 
button and then turn it, causing varia- 
tion of the internal trimmer capacitance. 
Proper frequency is indicated at the 
point where the eye begins to change 
from die open to the dosed condition 
or vice versa. The actual frequency 
range spanned from the full -open to 
the full-closed condition is $o small that 
exact adjustment to the half- open con- 
dition is not possible. This is of no con- 
sequence because exact adjustment will 
be automatically attained when the con- 
trol loop is restored. What is important 
here, is that rhe frequency is close 
enough so that no large shift in th 
enough so chat no large shift ia the 
reactance cube operating point is re- 
quired. The range of the trimmer is 
small enough and so centered thac one 
could never reach 47.8 me If it were 
possible to readi 47.8 me, rhe IF would 
again be 100 kc and ambiquity would 
result. Because the drifts being compen- 
sated for are relatively small, a range 
of more than 100 kc is unnecessary. 

Voltage Regulation 

In order to obtain rhe desired sta- 
bility from this system, ail dc power sup- 
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plies are well regulated against line 
fluctuations and ail filaments in the dc 
amplifiers and discriminator circuit are 
regulated by a ballast-type regulator. 
However, even with this regulating sys- 
tem, small variations in frequency re- 
sult from the small changes in filament 
voltage and, to a lesser degree, from 
small changes in dc potentials. To elimi- 
nate this problem a simple line voltage 
compensator (Figure 4) has been em- 
ployed. The compensator, consisting of 
two 6AL5 diode sections connected in 
series, produces a few tenths of a volt 
as a result of cathode emission; the vol- 
tage varying with line voltage. If a part 
of this voltage is placed in series with 
one of the dc amplifier grids, and the 
polarity and level is adjusced properly, 
ail frequency variations due to line vol- 
tage can be cancelled, The relationship 
between filament voltage and rhfs cor- 
rection voltage is not very linear, but 
since the 6AL5 tubes are also regulated 
by the same ballast that regulates the 
critical stages, their voltage swings very 
little. A small section of this curve is 
fairly straight and the correction is quite 
useful. In practice, the amount of the 
voltage coupled in series with the grids 
from the diodes is adjustable and the 
frequency can be made remarkably in- 
dependent of line voltage. Since almost 
all line instability is due to the filament 
shift, the time constant of the correction 
is also well matched. 



Figure 5 . FM Unit for Typo 242-A Signal 
Generator. 


BRC Type 242-A Signal Generator 

In the BRC Type 242-A signal gen- 
erator, where it is used, the system dis- 
cussed here maintains a frequency ac- 
curacy of 0.0005%. It produces fre- 
quency modulation of 75 kc deviation 
with audio frequencies well over 100 
kc, with less than 1% distortion. The 


output of the system is added to one of 
150 different crystal frequencies. The 
sum frequency is then multiplied by 4 
to produce 1-mc channels running from 
400 to 550 me at a maximum deviation 
of 300 kc ( 75 times 4 ) . 

Because the Type 242-A is designed 
to operate in an ambient temperature 
range of — 40 °F ro +137 0 P, the entire 
fm oscillator control circuit is contained 
in a chamber in which the temperature 
is therm ostaticaJly controlled. This would 
not be necessary at normal room ambient 
range as the internal thermostat only 
holds within =bl0°F. 


Conclusion 

The general principles and circuitry 
used in the system described here could 
be easily applied to any simple channel 
fm oscillator such as a Transmitter It is 
obviously not suited to variable fre- 
quency operation, but through the use 
of the adding system employed in the 
Type 242-A, could be a part of a flex- 
ible system. 
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Signal Generator Performance 

HARRY J. LANG, Sales Manager 


As designers and manufacturers of 
laboratory signal generators since 1941, 
we have come to establish certain stand- 
ards of performance for this rype of in- 
strument which should be of interest to 
both the designer and the user. While 
some of these standards may be termed 
implied and form a oucleus of "unwrit- 
ten specifications”, they are, in many 
cases, of paramount importance in the 
selection of a signal generator for a par- 
ticular application. In this article, an 
attempt will be made to outline these 
standards of performance which actually 
underlie our design philosophy. 

A signal generator, in the broadest 
sense, may be defined as a precise signal 
source of known, stable, ana controllable 
character i sties. Basically, the device must 
generate a signal of known frequency, 
level, and modulation and may be speci- 
fied in terms of accuracy, settability, 


readability, stability, reliability, and con- 
venience. 

Accuracy 

Here we are concerned wirh the 
absolute accuracy of frequency, outpur, 
and modulation. For a device co qualify 
as a signal generator, in terms of the 
current state of the art, frequency ac- 
curacy muse, in general, be better than 
1% at all points within its range. All 
unwanted spurious outputs should be 
minimized ro a level at Least 30 db be- 
low the desired output frequency. Out- 
put must be directly calibrated to an 
accuracy of between 1% and 20% * de- 
pending upon the region of the fre- 
quency spectrum within which the de- 
vice operates, with accuracy generally 
decreasing with increasing frequency. 
Output level must be continuously vari- 


able over a raoge of from roughly 10% 
to typical system sensitivities to better 
than 1000% of this value. Basic ac- 
curacy must be maintained at all output 
levels at a constant impedance, and leak- 
age should be negligible at the lowest 
calibrated output level. 

Modulation, whether amplitude, fre- 
quency, pulse, or phase, should be di- 
rectly calibrated ro Better than 10% and 
should be continuously variable over a 
range covering all current system re- 
quirements. Unwanted modulation by- 
products; e.g., incidental fm, or am on 
fm, must be reduced to a negligible 
level and the modulation system must 
operate with specified accuracy over the 
range of modulating frequencies nor- 
mally encountered in system operation. 
Modulation purity, or distortion, must 
also be minimized to provide a signal 
that will permit accurate evaluation of 
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figure I. type 1 50- A SrgnoJ Goner at Or, 
Fir ft FM Signs/ Generator to be Manufac * 
fu red by BftC. 


the distortion products generated within 
the system under test. 

Settabillty 

Here, again, we are concerned with 
the fundamental characteristics of fre- 
quency, output, and modulation with 
basic requirements dictated by the sys- 
tem to be tested. Settabiliry may be 
generally specified at better than 10 
times basic accuracy and modified by 
special system requirements. For ex- 
ample, narrow-band, crystal -con trolled 
communication receivers require fre- 
quency serrability in the order of 0.001%. 

The marrer of repeatability of settings 
also becomes extremely important since, 
in many cases, the generator as a devel- 
opment tool, is used to sense minute 
changes in circuit characteristics rather 
than absolute values. Furthermore, since 
cerraio specialized applications may re- 
quire individual calibration of genera- 
tors to a fraction of rheir generally speci- 
fied accuracy, the calibration accuracy 
thar can be obtained will be directly 
determined by both settabiliry and re- 
peatability. 

Readability 

While this characteristic is closely re- 
lated to both accuracy and settability, it 
is important to oote that sufficient cali- 
bration points must be provided to per- 
mit direct interpolation to sepeified ac- 
curacy at all points within the operating 
range. Conversely, the use of an excess 
number of calibration markings may be 
misleading and imply a level of ac- 
curacy inconsistent with generator per- 
formance. 

Stability 

A signal generator, to perform its in- 
tended function, must provide specified 


accuracy independent of external condi- 
tions encountered in normal operation. 
Factors which must be considered in 
signal generator design, include the 
following: 

1 . Input Pouter Supply. 

Since all commercial sources of power 
provide regulation in the order of 5%, 
and further, since laboratory or produc- 
tion line applications may be further 
aggravated by local load conditions, sig- 
nal generators must be designed to oper- 
ate with minimum Line input variations 
of ±10%. 

2 . Ambient Temperature. 

Since both factories and laboratories 
may experience ambient temperatures 
varying between 50 °F and 100°F, ade- 
quate compensation must be incorpor- 
ated into the generator design to provide 
specified accuracy over this range. 

3. Vibration. 

Since many generators will be oper- 
ated in plants where vibration from 
heavy production machinery will be en- 
countered, every effort must be made 
to reduce variations in frequency and 
ourput as well as spurious modulation 
from this source. 

4. Operating Cycle. 

Since most generators are not oper- 
ated on a continuous duty cycle, adequate 
provision must be made to minimize 
the warmup rime required to obtain 
sped f i ed per formancc. 



Figaro 2. ft act Mounted View of f/ie Type 
202-f Signal Generator and the Type 20 7»F 
Umverter. 


Reliability 

Though the area of reliability is cur- 
rently under continuous discussion in 
the field of military electronics, it is 


sometimes under- emphasized with re- 
specc to commercial equipment. Down- 
time and repair expense are not always 
catastrophic in the case of commercial 
rest equipment, bur they do represent 
lost value to the user. A well-designed 
signal generator should provide a mini- 
mum of ten years reliable service with 
only the need for occasional replace- 
ment of rubes and certain other minor 
components rhar may have a shorter 
life cycle. Rugged mechanical design, 
coupled with adequate derating of elec- 
trical components, is necessary for re- 
liable service. 



Figure 3. Ty pc 24Q-A Sweep Signal 
Generoior. 


Convenience 

A well-designed signal generator 
should permit simple, rapid, foolproof 
operraion by using personnel. All con- 
trols and dials should be legibly marked 
to show their function; dial scales should 
be direct reading and readily visible un- 
der laboratory conditions with a mini- 
mum of eye strain. All front panel con- 
trols should be grouped functionally and 
should be human engineered for ease 
of adjustment. The use of correction 
charts and nomographs should be 
avoided. 

While this discussion of signal gener- 
ator performance is not intended to be 
all-inclusive, we have tried to outline 
the major considerations given to the 
design of our products in this field: 
these considerations being an outgrowth 
of experience, gained over the years, in 
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Figure 4. Development and Bvotutlon of BRC Signal Generators. 


signal generator design . In 1941, BRC 
produced the first commercial FM Sig- 
nal Generator, our Type 150-A (Figure 
1). We have continued to specialize In 
the field of FM and now produce our 
Types 202-E and 202-F (figure 2) 
FM-AM Signal Generators in which we 
have attempted to provide instrumenta- 
tion to meet the ever-changing require- 
ments of current day systems. The Types 
207-E and 207-F Univerters are com- 
panion accessories for these generators 
and provide extended frequency cover- 
age. Sweep Signal Generator, Type 
240-A (Figure 3), ofers signal gener- 
ator performance in a wide-band sweep 
source. The Type 211-A Crystal Moni- 
tored Signal Generator and the Type 
2 32 -A Glide Slope Signal Generator are 
specifically designed for the testing and 
calibration of aircraft ILS and Orani- 
Range systems. Our latest, the Type 
242-A Cry seal -Con trolled FM Signal 
Generator provides fm outputs with 
crystal accuracy. Figure 4 historically 
traces the development and evolution of 
these products. 


MEET OUR REPRESENTATIVES 

CROSSLEY ASSOCIATES 
HARRY J. LANG, Sales Manager 


The first in a series of articles in- 
tended to provide a capsule history 
and facilities report on the sales 
representatives who sell and serv- 
ice BRC products throughout the 
world . 


Founded in 1937, Crossiey Asso- 
ciates of Chicago, Illinois, is the oldest 
engineering sales representative organi- 
zation in the Midwest specializing in 
the field of electronic instrumentation. 
Pioneers in technical customer service, 
they have helped to establish distribu- 
tion channels for the entire instrument 
industry and have developed application 
engineering techniques and set stand- 
ards of performance for others in this 
field. 

Alfred Crossiey, President and Founder 
of the company, has been active in tbe 
radio and electronics field since 19 16 
and holds numerous electronic patenrs. 
Notable among chese is a patent for a 



ALFRED CROSSLEY 
President and GonercJ Moncrger 


crystal -stabilized oscillator. After filling 
many key engineering posts in the radio 


industry, he entered the field of con- 
sulring engineering and subsequently 
made the transition to engineering sales 
representation in 1937. Boon ton Radio 
Corporation, in order to provide a new 
level of customer service ro the growing 
electronics industry in rbe Midwest, be- 
came the first manufacturer to eogage 
the services of the newly formed engi- 
neering sales company. Crossiey Asso- 
ciates thus became the first representa- 
tive for BRC products. 

Over a period of twenty- one years, 
Crossiey Associates has vastly expanded 
and modernized both its facilities and 
services to keep pace with the ever- 
changing needs of the eleccron ics in- 
dustry. With headquarters in Chicago, 
the organization now maintains three 
branch sales offices in Dayton, India- 
napolis, and St. Paul to provide local 
service for customers throughout the 
Midwest area. In three modern, well- 
equipped service laboratories, complete 
facilities are maintained for the evalua- 
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don, application engineering, calibra- 
tion* and repair of all of the products 
manufactured by fourteen leading pro- 
ducers of precision electronic equip- 
ment. Clerical services are provided for 
the distribution of technical information 
and a separate department processes all 
phases of customer orders including 
placement, expediting, and factory liai- 
son. Direct TWX service between all 
sales offices and factories offers up-to- 
the-minute customer information. 

Frank Waterfall, the company's Vice 
President and Sales Manager, joined 
Crossley Associates in 1946 after post- 
graduate studies at Indiana University 
and the University of Minnesota, aug- 
mented by extensive instrumentation ex- 
perience at the Naval Research Labora- 
tory during World War II. Other mem- 
bers of the Crossley family include ten 
field engineers who devote their entire 
effort to dre solution of customer meas- 
urement problems* and an additional 
twenty office personnel who support 
all field engineering activities, 

A strong believer in education, Cross- 
ley Associates maintains scholarship pro- 
grams with rwelve major Midwestern 
universities. The field engineers operate 
under a continuous educational program 
which includes technical field seminars 
and factory training courses. Two Cross- 
ley trainees are currently attending uni- 
versities to complete and broaden their 
engineering education. 

It is Crossley Associates’ policy to 
apply, sell, and service the finest in pre- 
cision electronic i us rrumen ration and 
components for the communications, 
electronics, and electromechanical meas- 


urement fields. Service is perhaps rhe 
most important part of the business 
since it transcends many years beyond 
the initial sale of a product. Both Cross- 
ley and BRC believe they are duty-bound 
not only to place in the hands of their 
customers the proper instrumentation 
for their particular application, but also 
ro ensure that these products continue 
to provide precise, reliable answers to 
ever- changing problems in the rapidly 
expanding field of electronics. 

We ar BRC proudly salute Crossley 
Associates for their continuing record of 
faithful service to our many customers 
throughout the Midwest. 



FRANK WATERFALL 
Vieo-Preii't/an! and Sales Manager 


Modification of Glide Slope 
Signal Generator, Type 232-A, 
For Improved RF Output 


Some time ago, BRC received reports 
of Type 232-A breakdowns which were 
attributed to loss of rf output. The in- 
struments concerned exhibited a rapid 
decrease in rf output. This decrease in 
rf ourput resulted in the loss of output 
reserve, and eventually brought about a 
condition where "red line"' operation 
and consequently satisfactory operation 
of the signal generator was no longer 
possible. 

After extensive investigation of the 
problem, BRC engineers traced the 
trouble to two tubes in the rf generator 
circuit. It was discovered that if the 
filament of the rf demodulator tube 
(V6/6173) is operated above 63 volrs, 
the rube will become gassy and load 
the output tank. Tests also revealed 
thar the place dissipation in the rf 
doubler rube (V5/538-8) runs dose 
enough to its advertised limits to re- 
duce the life of this rube. 

The following minor circuit changes 
eliminated this rf output problem and 
provided satisfactory operation of rhe 
Type 2 3 2- A Signal Generator. 

1. A 2.2 -ohm resistor was added in 
series with the ungrounded filament 
connection on tube V6 (6173)- This 
resistor is a wire-wound type capable of 
handling 0.25 watts. 

2. Resistors R24 and R25 (10k ohms) 
were replaced with 18k-ohm resistors. 
These resis cor s are composition type, 
with a d=5% resistance tolerance and a 
*/ 2 -wact power racing. 

Owners of Type 232 -A Signal Gener- 
ators are advised thar these modifica- 
tions will be made whenever an instru- 
ment is returned for repairs. 


EDITOR'S NOTE 
O Meter Contest Award 

The Q of the coil displayed in the 
BRC booth at the IRE show is 378. 
The winning estimate was submitted 
by Mr. Eugene J. Caron, a project 
engineer with Radio Condenser Co. 
of Camden, N. J. 
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Since Mi. Carou was one of three per- 
sons who estimated 378, a drawing was 
held to determine the winner. The ocher 
378 estimates were submitted by Mr. 
Chester Warner of Great Neck, N. Y. 
and Mr. J. Pakan of Forest Park, DL 
A total of 1198 entries were sub- 
mitted, wirh estimates ranging from less 
than 50 to over 3000. We report, with 
considerable amazement, that there were 
rwency one estimates within 1% of the 
actual measured Q. A list of persons 
submitting these near misses and a 
graph showing the distribution of esti- 
mates are given below. 

ESTIMATES WITHIN 1% 


Estimate 

Submitted By 

375 

R- Friedman, Polarad Electronics, 
JL 1. C., N. Y. 

375 

D, W. McLead, Nordeo Laboratories, 
White Plains, N, Y- 

375 

M. Leonard. Columbia University, 

N. Y. C. 

375 

C. Briggs, Mass. Insr. of Tecb-; 
Cambridge, Mass. 

375 

F. A. Blackshear, Sperry Gyroscope, 
Great Neck, N. Y. 

375 

R. P. Thurston, Waters Mfg. Co., 
Waylaud, Mass. 

375 

H. C. Hausmaon, Arcs Industries, 
W. Islip, N. Y. 

375 

W. K. Springfield, IBM, 
Endicott, N. Y. 

375, S 

M. Pischman, Sylvania Electric, 
Bayside, N. Y. 

375.6 

H. E. Whined, Western Electric, 
Wioston-Salem, N. C 

376 

T. B. Robinson, National Co., 
Maiden, Mass. 

376 

M. R- Easterday, Bendix Aviation, 
Kansas City, Mo. 

377 

M* Freedberg, N. Y. C. Community 
College, N- Y, C. 

377 

D. T. Geiser, Sprague Electric, 
N. Adams, Mass. 


377.1 R. C. Ferris, Lockheed Aviation, 
Marietta, Ga. 

373 C. WARNER, Sperry Gyroscope, 
Gccar Neck, N. Y. 

373 EUGENE J. CARON, Radio 
Condenser Co-, Camden, N. J. 

373 J. PAKAN, A. RE. Products, 
Forest Park, UJ. 

379 G. Elliott, Rochester, N. Y. 

380 S. B. Alexander, Emerson Radio, 
Jersey City, N. J. 

330 W. A. Palmisano, Army Chemical 
Center, Edgewood, Md. 
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Distribution of Q Estimates. 


The display coil was measured ac 10 
megacycles in the BRC standards labora- 
tory on a Type 260-A Q Merer which 
was previously calibrated against BRC 
Q Standards. Ten separate measurements 
were made, the average Q measurement 
being 378 and the average capacitance 
measurement being 58 fXfii. 

Mr. Caron visited BRC on May 1 to 
accept rhe Q Meter from Dr. G. A. 


Downsbcough, President of the com- 
pany. During his visit, he stopped at 
your editor's desk and passed along the 
following information concerning his 
career in the engineering field. Afcer he 
received his B.S. in Radio Engineering 
from Tri State College at Angola, Indi- 
ana, he was successively employed in an 
engineering capacity by Raytheon Cor- 
poration, Hazel tine Corporation, and 
Radio Condenser Co. Mr. Caron joined 
Radio Condenser Company in 19*48 as 
Supervisor of TV Engineering. He is 
presently with the Special Apparatus 
Division of Radio Condenser Company 
as Project Engineer. 

Along with our special congratula- 
tions to Mr. Caron, BRC wishes to thank 
our many friends who visited with us at 
the IRE show. 



Dr. G. A. Dcwn&brough, President of SRC, 
presents a Type 160 -A Q Meter to Mr. E. J. 
Caron of Radio Condenser Co., winner of 
the Q Meter contest. 
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Transistor Measurements With The HF-VHF Bridge 

GEORGE P. McCASL AND, Sales Engineer 








Introduction 

The very high-power efficiency at 
Jow-power levels together with the re- 
liability and low-cost potentials of the 
transistor have led ro increased usage of 
this device by circuit designers in both 
the commercial and military fields of 
electronics. Hearing aids, portable ra- 
dios, phonographs, dictating machines, 
portable cameras, machine-tool controls, 
clocks, and watches are bur a few ex- 
amples of the commercial applications 
of transistors. Along with many other 
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applications, the military have employed 
rhe transistor in the ‘Explorer' and 
"Vanguard" satellites now circling die 
earth. 

As the usage of the transistor in- 
creases tc is apparent that there is a need 
ro develop new measuring techniques. 
The transistor circuit designer can no 
longer get by with specifications pub- 
lished by transistor manufacturers alone; 
( Normally, the manufacturers will spec- 
ify transistor parameters for a given set 
of bias conditions and a single frequency 
only.) he is now often faced with the 
problem of determining parameters for 
a wide range of bias and frequency con- 
ditions. This article describes a transis- 
tor measuring technique, using the RX 
Merer and certain hybrid equations, 
which will yield information about the 


parameters of transistors over a wide 
range of bias and frequency conditions. 

The RX Meter is well suited ro tran- 
sistor measurements because its bridge 
elements will pass, directly, a current of 
up to approximately 50 milliamperes, 
and its two-terminal measurements can 
furnish rhe parameters for radio- fre- 
quency transistor circuit design. Con- 
tributing to the ease with which tran- 
sistor measurements can be made are 
the self-contained design of the instru- 
ment, with the signal generator, bridge, 
and detector in a single, compact pack- 
age, and the fact that the ' unknown” 
terminals are located on the flat, top 
surface of the instrument, where attach- 
ment of rhe measuring jig may be con- 
veniently made. 

The idea of using the RX Meter for 
transistor measurements is not a new 
one; a number of research, development, 
and production groups have been en- 
gaged in this type measurement for 
some time. For example, Messrs. Ear- 
hart and Brower of Texas Instruments 
recently used rhe RX Moot to measure 
a new VHF silicon Transistor. 4 Because 
of rhe lack of published information on 
the theory and practice of transiscor 





Figure 2. Jig h,|., shown, includes binding posts 
Iq which the 103-A sc riot coii or other compo- 
no nti may be lonnefted for extending the RX 
Meter capacitance, inductance, or resistance 
range. 
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measurements with the RX Meter, how* 
ever, it has been found that few of these 
groups are using the RX Merer to the 
limit of its capabilities* This article is 
intended to fill the gap in die literature, 
and at the same time, promote a more 
complete understanding of the use of 
the RX Meter for measuring transistors 
by persons currendy using che instru- 
ment for chis purpose, and by those per- 
sons unaware of its transistor-measuring 
application. 


TABLE I 


COMMON-BASE SUBSCRIPTS 


Number 

letter 

bus 

bib 

f)|Jb 

bi*b 

hub 

b n> 

bjjb 

bob 


Determining the Hybrid (b) 
Parameters 

The h parameters can be determined 
by solving the hybrid equations. By 
arbitrarily open- and shon-circui dog 
pairs of terminals in (1), a current or 
a voltage can be made zero to atd in 
the solution Parameters 
and are numerically evaluated with 
the help of RX Meter measurements. 
The method of evaluation is outlined in 
Table 1! below. 


conveniently shown in Table III. 

To obtain common-emitter or com- 
mon-collector h parameters a set of 
simple conversion formulas can be used. 
As an example, we can convert h ^ to 
bz-><. with the formula 

^2 tlb 

his*' — . 

( 1 -\- h'i\b) 

The above formula and ocher conver- 
sion formulas are given by Scher ft . These 
formulas yield approximate values. 

RX Meter Jigs 

The RX Meter measurements indi- 
cated in configurations A through D in 
Table ffl require the use of four jigs 
which attach the transistor to the RX 
Merer and supply proper dc bias. These 
jigs can all be operated from a common 
power supply. A schematic diagram of 
che jigs with a transistor in the socket 
is shown in Figure 3. Each diagram 


Transistor Parameters 


TABLE II 


Consider the following network 
equivalent of the transistor. 


input 





(i) 


Linear-equations can be written using 
a set of independent variables co relate 
e e* 3 d and the independent varia- 
bles being the input, output, and trans- 
fer characteristics of the transistor com- 
monly known as the transistor para- 
meters. These transistor parameters are 
constants for a given set of bias and 
frequency conditions. One of the most 
popular and mosr widely used sers of 
rransisror parameters is rhe hybrid or h 
set of parameters. The linear equations 
for the transistor, represented by net- 
work (1), in terms of hybrid para- 
meters are: 


e \ — ~\~ ^*2^2 
io — b^iii -j~ ^22^2 


where the h parameters arc 
biz, and b%i. The choice of number sub- 
scripts here is based on personal pref- 
erence. IRE Standards 8 suggest the use 
of either number or letter subscripts, as 
convenient. Table 1 is a- cross-reference 
of number and letter subscripts assum- 
ing a common-base transistor configura- 
tion. 


solution or the hybrid equation 

(Assuming CommAn-bcno Cor>flgU fcrlTon} 


Ptirtmrtfcter 

Circuit 

CAfll|lT»A 

Description 

«l 

ii 

*1 =0 

IrifnH lmp*dorifcc wllh oulput ihoft-cireuHAd. 

B, 

= — 

— 0 

ftfrvor*t volingo iron^or nerfio wrUi inpLrt opon-droofroa. 

e* 



hue = — = — « 

=0 

forward ibofl-dreujl eunreM traiutar rail* wiFh oi^puf sfiOrSo’reulFwf- 

Aj-,11 = — 

j, = 0 

Outpul admittance wjth input ©pen-^lrcuiFn^. 





The various circuit conditions for 
each h parameter refer to the ac circuit 
only. DC bias voltages are not disturbed 
wheo rhe ac circuit conditions are 
changed. From Table II it should be 
obvious that an input measurement on 
the RX Meter provides hui* directly. By 
converting an output RX Meter meas- 
urement ro an admittance, b^z t> is also 
obtained directly. 

Parameters b* n, and relate vol- 

tages and currents on both inpu't and 
output sides of the network providing 
the network transfer characteristics. The 
bzvn parameter is found numerically 
from the ratio of two input impedance 
measurements. Parameter h\*b is found 
from the product of the difference of 
two output admittances and the ratio 
of b\\ h over — The derivation of 
and hy^ is given in che appendix. 
In summary, the method of obtaining 
the common-base h parameters from 
RX Meter measurements is simply and 


represents one of the configurations 
correspondingly marked A Through D 
in Table III. 

The specific jigs described in this 
article were designed for a Raytheon 
Type 2N417 PNP transistor for meas- 
urements in the 20-mc range, The 
0.01 /J ceramic by-pass capacitors, power 
supply, and jig socket selections all re- 
flect the transistor to be measured and 
the approximate frequency range. The 
by-pass capacitors have good by-passing 
action in (he 20-rac range aod the jigs 
perform well in this range. For fre- 
quencies appreciably different from 20- 
mc, different capacitors may have to be 
selected. At frequencies approaching 
250-mc the jig series inductance may 
require evaluation* However, no serious 
problems are anticipated in using sim- 
ilar jigs over the entire 500-kc to 250-mc 
range of the RX Meter. 

Since the power supply (Figure 4) 
has high resistance in the emitter bias 
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Hi 
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m 

figure J. Jig Schd/norici 

circuit, rhe power supply resistance de- 
termines the emitter bias currenr and 
bias wi.U be a constant as different tran- 
sistors are plugged into the jigs, Use of 
the 90- volt bias battery permits suf- 
ficient bias to be developed even with 
the jig which has a fixed 10k 

resistor in the emitter circuit. 

The socket used in our jigs accommo- 
dates the transistor type with four pins 
mounted on a 0.200-inch diameter circle. 
However, the jigs can be modified 
slightly to accommodate sockets for dif- 
ferent type transistors, including the 
new universal transistors sockets. 

As a special feature, the and 
bus jigs utilize Q Meter binding posts 
in parallel with the RX Merer terminals 
for use in extending the RX Meter 
ranges. 

A drawing showing construction de- 
cays of die jigs is being prepared. In- 
terested persons may obtain a copy by 
calling or writing Boonton Radio Cor- 
poration, or one of our representatives. 



Typical Measurements 
and Calculations 

To illustrate rransisror measurements 
the common -base h, parameters of a 
Raytheon Type 2N417 transistor have 
been determined for the following con- 
ditions using che RX Meter and the jigs. 

Von = — 6 volts 
if = 5 ma. 

(—20 me 

The four necessary RX Merer meas- 
urements (one measurement in each of 
che four jigs) and necessary conversions 
to rectangular and polar impedance and 
admittance coordinates are shown in 
Table IV, 

RX Meter readings are the parallel 
R p and C> equivalent of che unknown 
and can be readily converted to rec- 
tangular and polar impedance forms. 
Readings are converted to rectangular 
admittance by talcing the reciprocal of 
the RX Meter parallel equivalents ex- 
pressed in ohms. The reciprocal of R p 
is the conductance G and the reciprocal 
of XQo in ohms is the susceptance B, 
where G and B are in ohms. 



Figure 4. Power Supply Schernol/c 

When converting from the parallel 
equivalents to the rectangular form of 
impedance, a series -parallel conversion 
chart such as is found in the RX Meter 
Instruction Manual js of help. In work- 
ing with the data in Table IV, it was 
convenient to divide che parallel equiv- 
alents by 20 to coter them into the chart 
and to multiply the series equivalent 
answers by 20 after removing rhe values 
from rhe chart. To use che chart prop- 
erly, a given combination of R p and C p 
must both be divided by and the answers 
multiplied by rhe same number. An 
ordinary reactance chart was used in 
converting C p readings to reactance. 

Using jig B of Figure 3 to make the 
RX Merer measurement necessary to 
obtain the input circuit of the 

transistor is effectively open- circu iced 

table in 


METHOD FOR OBTAINING, COMMON-BASE h PARAMETERS FROM RX METER MEASUREMENTS 
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capacitance, inductance, and resistance 
ranges. RX Meter range extension is 
explained in detail in the Instruction 
Manual and in a previous Notebook 
article 2 . 


Application of the h Parameters 

The maximum power gain for the 
2N417 in the common-base configura- 
tion can be readily calculated assuming 
conjugate input and output impedance 
matching and lossless neutralization 7 . 

2 

P. G. = 

4h\ibr &> 22 br 2 Re {h\ 2b ^2L&) 

In this equation, bni* and h 22br are 
real parts of 7>ii& and b 22h and 
Re (^rec^ii) is the real parr of the 
product of Ao l& and h $\ ». The values 

table IV 


CONVERSION OF RX METER MEASUREMENTS TO RECTANGULAR 
AND POLAR IMPEDANCE AND ADMITTANCE COORDINATES 


Jfc 

RX Merer Readings 

Porollot Equivalent 

Rectangular Z, 

Rectangular V 

Polar Z 

Rp (ohm*) 

Cp (fJLfJ.fi 

ftp [ohms) 

Cp (ohim) 

ohm* 

ohms 

ohms 

ec*,„) 

163 

+ 17.5 

163 

+ 

— 144 — \ 52 


153 / 4 200* 

A (huh) 

no 

— 60J 

no 

-fl31 

65 — j 66 


92 / — t5 c 

ow 

62 0 

4 - 9.0 

620 

4 ;ab 6 


1A1 4 j 1.13 


ft (Am) 

im 

4 - 14.3 

1 W 0 

-r 1 556 


0-505 4 / C80 



with a 10k resistor. To test the effective- 
ness of this open circuit, 7.5k and 4.7k 
resistors were substituted for the 10k 
resistor, while constant emitter bias was 
maintained, without materially chang- 
ing the RX Meters indication of out- 
put admittance. 

The target of this example is the four 
common-base h parameters. From Table 
IV and h 2 - 2 b are directly available 
in rectangular impedance form. 

h\\b = 65 — j66 ohms 

h nh = (0.505 + 7T8O) X I0r* mhos 
From Table III: y v 


— (1T0S — j .49) (10- 3 ) 

( 1 /— 8 C ) 

= (1.21 X 10-* /— 24° ) 
( 1 /— 8 ° ) 

b l2b ^l2l X 10—3 /— 32* 

A sum oiary of the b parameters meas- 
ured and calculated for the 2N417 tran- 
sistor are given in Table V. 

RX Meter Operating Techniques 

In preparation for a measurement, 
the RX Meter is balanced as usual with 
a jig attached to the terminals bur wirh- 
out a transistor in the socket. The use 
of the jigs does nor in any way interfere 
with normal operation of the RX Meter. 

With normal bridge operating condi- 
tions, the voltage appearing at the RX 
Meter terminals may be 100 to 500 


Values of polar coordinates from Table 
IV are substituted in this equation and 
the following calculations are performed. 

/93 / — 45 ° \ 

— ot = h [ 

^153 / 200° j 

= — (.61 /— 245° H- 1) 

.26— ;.56+ l) 
= — (+.74 — ;,56) 

— ( 0.93 /— 37 ° ) 
h i2b _ — « = 0.93 / 143 ° 

Again from Table HI: 

^116 

&\2b ~ (yrzb i>22b) ■ 

— ^21 b 

Inserting values from Table IV, the 
following calculations are performed. 

*>m= [(1.6t + ;1.31) 

93 /— 45 ° 

— (.505 + j 1.80)1 ( 10- 3 ) 

93 /— 37° 


millivolts or more. This is sufficient, in 
many cases, co drive a transistor beyond 
its linear range of operation. The term- 
inal voltage, however, may be reduced 
to 20 millivolts or, in some cases less 
rhan 20 miDi volts, by reducing the level 
of the oscillator output with a series 
resistor in the oscillator+B lead. (See 
page 1 6 of the Instruction Manual and 
Notebook #6 2 .) During the measure- 

table v 


MEASURED AND CALCULATED h PARAMETERS 


Para 171 etet 

Numerical Value 

A, 

65 — j 66 ohms 

Aut. 

<0.505 X ( C8°> \ IO-> mhai 


0.92 /_143° 

A„ e 

1.21 X ID -1 / — 32* 


meats to obtain the data presented in 
Table V, good operation of the RX 
Meter was obtained at accuaJ measured 
terminal voltages of 5 to 25 millivolts. 
The RX Meter measurements did not 
vary over chis voltage range, indicating 
linear operation of the transistor for this 
range of signal level. 

The Q Meter binding posts on the 
Atiu and h n \, jigs provide for easy con- 
nection of Type 103- A Inductors and 

good commercially available capacitors 

and resistors co extend the RX Meter 


from Table V are substituted in the 
formula for power gain and the neces- 
sary calculations ace performed. 

(-93 / 143° ) 2 

P. G. — 

4 X 65 X -505 X 10- s — 2 Re 
( 1.21 X L0-* 7—31° X -93 /143° ) 

.864 / 286° 

131 X 10-* — 2 (.403 X 10“*) 
.864 7 286° 

131 X 10-3 _ 806 X IO- 3 
.864 / 286° 

130.194 x 10- 3 

Power Gain — 6.62 / 286° — 6.62 

The author wishes to express his 
appreciation to Mr. D. R Thomas of 
the Bell Telephone Laboratories for his 
valuable assistance in connection with 
this work, 
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APPENDIX 

Derivation of h 51 and h n Formulas 

f*2Jb 

The elementary current relationships 
of the junction transistor are shown in 
the following schematic diagram: 



where; * c = i c + h by Kirchoff s law (1) 

~ a i e by definition. (2) 
Substituting (2) in (l): 

i € “ n + h 

7 — oc i c =i b 

hi 1 — * ) = h (3) 

The transistor is redrawn substituting 
a i e for i c from equation ( 1 ) and h 
(1 — o c) for h from equation (3) 
and short-circuiting rhe output circuit 
in (4). The dotted box symbolizes the 
network for which network current 
ii — i c and h = — <x i £ - 



e\ 

hi2b — , when /\ — 0. (12) 

*2 

By ThevenuVs Theorem, the input to 
che network can be represented as 
shown below. 


e\ 

hiu * — > (5) 

h 

when 02 —— 0 by definition. 
Substituting i 6 for in (5), since 
i y — i c from (4 ) 




h\\b — — 


h (6) 

The transistor is now redrawn sche- 
matically in the common-emitter con- 
figuration. 





(7) 


where: i\ — — h — — (1 — ce ) i e . 

& i 

Now, by definition, hue — — ■ when 

H 

e. = 0. (8) 

Substituting the equality 
i i . = — (1 — oc ) i c shown in ( 7 ).; 

hun “ 

— (1 oc ) h (9) 


O vW- 

i 

Ik PUT 
O 

The open circuit input voltage, e±> 
can he assumed to be caused by a vol- 
tage generated within the network, 
which in this case is a voltage trans- 
ferred back from the output circuit, 
Z is the short-circuit input impedance, 
a parr of Thevenins concept. Since 
hyjb is the short-circuit input impedance 
of (13)* it can be substituted for Z. 
The input can then be short-circuited 
and the result shown in (15), where: 

hubiy 

and 

= ii- (14) 

hiu , 




Now the transistor is drawn as a 
network, ( 17 ), and by definition: 


hub — repeating (6) 

h 

By examination of (6) and (9), we 
see that if An c of (9) is multiplied by 
— (1 — oc), the product will be equal 
to h iib of (6) as expressed in (10) 
below. 

<1— «)] =i,„ (10) 

ky\_b 

then : — (I — oc ) “ 

h\\c 

hub 

OC = [“ 1 

^llC 



f'Ub 

For the rransistor network shown be- 
low, representing a transistor in the 
common-base configuration, the reverse 
voltage transfer ratio by definition is: 


H 

hzzb — , where i\ — 0 ( 16 ) 

*2 


O 
l/ 1 

e T OUT PUT 

0 (17) 

The negative sign in (16) stems from 
network convention, where i 2 is shown 
flowing toward the network but actually 
flows in the opposite direction (out- 
ward from die network) for the com- 
mon-base transistor circuit conf igurarion. 

Referring to (17), the input to the 
network can be shorted reducing e 2 to 
zero. By defioirion: 

H 

y-22b “ , when ci = 0. ( 18 ) 

In equation (18) 7 y 2 2 z> is one of the 
admittance family of parameters. If the 



a 
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open -circuited output admittance, 
is subtracted from the short-circuited 
output admittance y^b* the resulcant 
output circuit admittance is that due to 
the current flowing in the short -circuited 
input circuit, or in other words, to the 
short-circuit input admittance. This re- 
lationship is shown in (19), where: 


— ■ b-->> 




short-circuited input admittance 
appearing in the output (19) 

to 

Now: b^h ~ — « = 


and 

b’2,\b *1 — H’ (20) 


Substituting (20) in (19): 

— h 
“ 








as shown in 


( 21 ) 

05) 


^ i j ?> 

Substituting ( 15 ) in (21): 

y^—h^u = (22) 

hv Yh&l 
and 

hub &\ 

(y-^—Az-k) = = (23) 

'^21 h ^2 

Equation (23) is true for the case 


when i\ flows and e ] is the generated 
feedback voltage which does nor appear 
at the input terminals for rhe short - 
dreuired case. 

In measuring h parameters it is as- 
sumed that all measurements are per- 
formed at signal levels for which the 
transistor is a linear network. 

If rhe short-circuit of (14) is re- 
moved, ei will appear across the input 
terminals and at rhe same time will 
go to zero. Therefore, equation (23) 
holds when / 3 is zero as well as when i] 
is flowing. 


An/j 

(y™h ^22!>) — — h\ 2£», 

— hi i h &2 

when /■! is zero. 


MEET OUR REPRESENTATIVES 

EARL LIPSCOMB ASSOCIATES 
HARRY J. LANG, Sales Manager 


Founded by Earl Lipscomb in 1947, 
Earl Lipscomb Associates of Dallas, 
Texas, is the only engineering sales 
representative organization in the 
Southwest specializing exclusively in 
the field of electrical and electronic in- 
strumentation. The company maintains 
offices in Dallas. Houston, and El Paso, 
and offers complete technical service 
to customers in Texas, Oklahoma, Ar- 
kansas. Louisiana, and Mississippi. 

Radio and electronics are not new 
to Earl Lipscomb, the company’s Presi- 
dent; he has been active in the field 
since 1937 when he began as a con- 
sulting engineer. During World War 
II, he served in the training, production, 
and procurement phases of the Navy's 
electronic program. His five-year tour 
of duty included training at rbe Navy 
Radar School at M.LT, and service with 
Navy Bureau of Personnel and the 
Navy Materiel Division. Upon comple- 
tion of Navy service in 1947, he 
founded Earl Lipscomb Associates. In 
May of rhac year, Booncon Radio Cor- 
poration, recognizing the growing need 
for electronic instrumentation by cus- 
tomers throughout rhe Southwest, was 
one of the first companies to en- 
gage the services of the newly 
formed organization. 



Earl Upjcomb 


As rhe needs of the electronics indus- 
try expanded, so did die facilities and 
services of Earl Lipscomb Associates. 
The modern building, which houses the 
Dallas headquarters, comprises over 10,- 
000 square feet of office and shop space 
and includes a complete clerical staff 
engaged in the distribution of technical 
information and processing of customer 


orders. Modem, well -equipped service 
laboratories at the Dallas and Houston 
locations provide calibration and repair 
service for all of the products manu- 
factured by thirteen leading producers of 
precision electronic equipment. These 
facilities are staffed by six factory- 
trained service engineers 

A special group of five sales en- 
gineers, wirh specialized training in elec- 
tronic measuring techniqueSj and two 
engineering trainees devote their entire 
effort to the solution of customer prob- 
lems. This group is equipped to provide 
demonstrations of all equipment in rhe 
customer's laboratory; having at its dis- 
posal a unique "laboratory on wheels' 
known as the Travelab”. This mobile 
laboratory, which travels regularly 
throughout the Southwest, is completely 
equipped to provide operating demon- 
strations and serves to keep the cus- 
tomers abreast of the latest In instru- 
ment design and application. 

It is the objective of Earl Lipscomb 
Associates to not only provide the cus- 
tomer with the proper instrumentation 
for his specific needs, but also to insure 
that these products continue to provide 
reliable service. For their constant ef- 
fort toward this end, and for then record 
of efficient and faithful service to our 
customers, BRC extends a voce of thanks 
to Earl Lipscomb Associates. 
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Jho 'T.trve/crb", carries, a lull tine at msjfumertfi to the customers 1 laboratory or plant. 


MODIFICATION OF 
TYPE 202-F SIGNAL GENERATOR 

In order to provide equipment which 
is compatible with the recent extension 
of the telemetering band to 260 mega- 
cycles, BRC announces the availability 
of a modified version of the 202-F 
Signal Generator, on special order, with 
an overall frequency coverage of 195 
to 27U megacycles. BRC will also modify 
existing 202-F Signal Generators cur- 
rently in the field. Please call or write 
your sales representative or Booncon 
Radio for full particulars. 



OaHcri headquarters of Sort Uptfomb 4uociaf»i 


GENE FRENCH COMPANY 

APPOINTED SALES REPRESENTATIVE 

We are pleased to announce that, ef- 
fective July 1, the Gene French Com- 
pany has been appointed BRC sales re- 
presentative in the New Mexico, Utah, 
and Colorado area. The company main- 
tains offices in Albuquerque and Denver 
and is fully equipped to handle sales, 
application engineering, and service for 
all BRC products. 

“Gene”, who has previously handled 
BRC instruments in New Mexico, is 
handling that area. “Hugh" Hiheary is 
heading the new Denver office. Please 
do not hesitate co call upon them for 
information or demonstrations. 



Gene French 



Hugh HI He ary 
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EDITOR S NOTE 


Amateur radio has given thrills and 
pleasures to countless thousands of per- 
sons the world over. Few people realise, 
however, chat this favorite pastime is 
almost as old as the art irsejf. There 
were radio amateurs before the begin- 
ning of the present cencury; not too 
long, in faer, after Marconi astounded 
rhe world wicb his invention of wireless 
telegraphy. Bur amateur radio came into 
its owo when private citizens discovered 
this means of personal communication 
with others and sec about learning 
enough about "wireless' 1 to build home- 
made stations. Tcs progress since those 
early days has been remarkable. In the 
first years, amateurs were stuck with 200 
meters and could barely get out of their 
backyards. Today, with years of experi- 
mentation under the amateur belt, inter- 
national DX is a reality and QSOs with 
countries ad over the world are com- 
monplace. 


Personal communications between 
HAMS is only part of the amateur radio 
story. These "home stations” have posted 
a brilliant record of public service. 
Amateur cooperation has played an im- 
portant parr in the success of many an 
expedition and, in many cases, has been 
the only means of outside communica- 
tion during several hundred storm, flood, 
and earthquake emergencies in this coun- 
try. These public service endeavors were 
so successful in fact, that in 1938 the 
American Radio Relay League (ARRJL) 
inaugurated a new emergency -prepared- 
ness program, registering personnel and 
equipment in its Emergency Corps and 
putting into effect a comprehensive pro- 
gram of cooperation with the Red Cross. 

The HAM and amateur radio is con- 
stantly in the forefront of technical 
progress too. Amateur radio develop- 
ments have come to represent valuable 


contributions to the an. During World 
War II, thousands of skilled amateurs 
helped to develop secret radio equip- 
ment for both Government and private 
laboratories. In the prewar years, tech- 
nical progress by amareurs provided the 
keystone for the development of mod- 
ern military communications equipment. 

Modern radio owes a lor to these 
indefatigable amateurs for their con- 
tributions to the an. We are proud to 
number among their lot eight of BRCs 
employees. 


L. O. Cook ex - 8BRU 

V, E. Hopler K2LTH 

G. A. Sanford K2ARW 

N. L. Riemen schneider W2LKO 
G. P. McCasland K2RLK 

N. L. Greendyk ex-W2KSR 

D, M. Terp KN2JTN 

J. P. Van Duyne W2MLX 
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Noise Limited Receiver Sensitivity Measurement Technique 

John P. VanDuyne, Engineering Manager 


Types of Noise 

The fundamental J imitation of noise 
on the useful amplification of a nerwojk 
has Jong been known. For the first sev- 
eral decades of the radio receiver design 
art, the noise which supplied this limita- 
tion was out of the control of the re- 
ceiver engineer. Prior to 1940, most re- 
ceivers in use operated below 30 me, a 
region in which atmospheric and man- 
made electrical disturbances supplied the 
noise which ^limited practical receiver 
sensitivities. 1 Laboratory determination 
of the sensitivity of such receivers then 
consisted of measuring the input level 
for a predetermined output. Since the ex- 
ternal noise levels mentioned above were 
usually much higher than the internal 
noise in well designed receivers, most 
sensitivity specifications were wricten in 
terms of microvolts input, behind a 
stated dummy antenna, for a given 
power output. 

During the 1930's, as the useful high 
frequency communication spectrum 
pushed above 10 me the receiving rubes 
then in use were found wanting, in that 
they generated amounts of noise which 
exceeded the noise from external sources. 
As a result, new rube designs were de- 
veloped ro reduce tube shot noise and 
induced grid noise. Although rube de- 
signers were successful in keeping tube 
□oisc lower than the external noise at 
frequencies below 30 me until the 
problem became acute enough that the 

l. R. E, took cognizance of internal re- 
ceiver noise in its "1938 Standard for 
Measurement of Radio Receivers". 11 


YOU WILL FIND . . . 


Morse LimffeJ 

Re<eiver Sensitivity 

Measurement Technique 1 

More About Transistor 
Measurements with the 

Hf-VHf Bridge 6 

Meel Our Represent Uves 7 

Editor's Note 8 


As the communication industry pushed 
above 30 me, especially as stimulated by 
the pressures of World War II, it was 
found that the external noise sources had 
dropped to negligible pro port ions, com- 
pared to internal receiver noise, above 
100 me. The need for greater and greater 
radar sensitivity, VHLF communication 
range, and less "snowy" TV pictures 
rapidly pushed internal receiver noise 
down to the level where cosmic radio 
background radiation (popularly called 
cosmic "noise", due to its randomly fluc- 
tuating character) limits useful receiver 
sensitivity from 30 to 100 me, or down 
to 10 me in the absence of man-made 
and atmospheric noise. Recent advances 
in low- noise receivers and high-resolu- 
tion aotennas used by radio astronomers 
are resulting in distribution maps of 
this radiation. 3 

In spite of their widely different 
origins, cosmic noise and internal re- 
ceiver thermal agitation voltages are 
similar in character and pose similar 
measurement problems. Man-made and 
atmospheric noise are very different, in 
that they have a discrete impulse nature 
and require different measurement and 
system evaluation technique. The reader 
is referred to A. S. A. Standards C63.2 
and C63-3 for a discussion of their 
measurement. The term "noise” used in 
the following discussion refers to ther- 
mal agitation phenomena uoless other- 
wise qualified. 

Measurement Objectives 

A general word should be said with 
regard ro the effect of the objective of 
the measurement on the choice of meas- 
urement Technique. These objectives fall 
in several categories, the most common 
of which may be stated as follows: 

L The comparison, on a uniform 
basis, of equipments of the same 
design, or from the same process. 

2. The comparision of equipment 


of basically different design 
with similar desired preformance, 
for purposes of selecting the 
superior design. 

3. The study of equipment perform- 
ance with the intent of improving 
ic by redesign. 

4. The study of equipmeot .perform- 
ance for the purpose of learning 
more about the physical principles 
on which it operates, or to evaluate 
the extent to which the measured 
performance approaches the 
theoretical limit. 

The techniques to be discussed re- 
quire increasing degrees of skill and pre- 
cision as die objective changes from 
( 1 ) to ( 4 ) above. 

Noise Limited Sensitivity Criteria 

As previously mentioned, the recep- 
tion of weak radio signals below 30 me 
was limited by external noise. Hence, 
when measured under laboratory condi- 
tions, such receivers seemed "noiseless", 
since they had only sufficient amplifica- 
tion to produce rared output on signals 
supplied by a much noisier source than 
the laboratory signal generator. There- 
fore, the early concept of sensiriviry was 
a specification of the input required, 
behind some specified network (dummy 
antenna) to produce a prescribed out- 
put. Long range communications oper- 
ators found such receivers inadequate 
when used in quiet locations on well 
designed directional antenna systems. 
Consequently, amplifications were in- 
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CARRIER -TO- NOISE RATIO (db) 

Figure T. L/niversaf Curve for Output Sigrtof-fo-Noise Ratio 
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creased, and it sooq became possible to 
provide full rated ourpur with no inpat 
supplied, due to the receiver's internal 
noise sources. An early solution co this 
problem was ro state the sensitivity, as 
previously noted, but qualified by a 
statement of the minimum signal-to- 
noise ratio Tolerable ar rated sensitivity. 
A more standardized form of this was 
introduced in the I. R> E, 193d Standard 
for Measurements of Radio Receivers. 2 

Equivalent Noise Sideband Input 

This standard introduced the concept 
of "Equivalent Noise Sideband Input” 
or "easi" as it is usually abbreviated, for 
che measurement of broadcast receivers. 
Ensi is measured by supplying an un- 
modulated carrier, of a specified level 
(E*), through an appropriate source 
impedance to the receiver under test 
and noting the output noise power 
(P u ). 30% 400 cps A. M. is then ap- 
plied and rhe output 400 cps power 
(P k ) is measured with the aid of a 
bandpass filter co eliminate the 
noise power. Then, 

( 1 ) ensi — 0.3 E. v /P«/P* 

There are several possible sources of 
error in this measurement which muse 
be eliminated or corrected if similar 
results are to be repeated at different 
locations (objectives 1 and 2) with 
different equipment, or if anything 
approaching an absolute performance 
measurement is desirable (objectives 3 
and 4). First, the meter used to read 
P„ and P* must be a true rms reading 
device, such as a thermocouple milliam- 
meter. This meter muse have reasonably 
constant sensitivity over the output pass 
band of the receiver being tesred. This 
is necessary for a proper summation of 
the noise power spectrum to permit its 
proper comparison wirh the 4 00- cps 
demodulated sideband power. A second 
potential source of error lies in rhe 
Imeariry of the receiver being tested. 


Since thermal noise has a peak -to -rms 
ratio of about 13 db\ the receiver (and 
the output meter) must not overload 
at voltage levels up to 4.5 times that 
of the demodulated sideband. The re- 
ceiver detector is anorher element, the 
transfer linearity of which must be con- 
sidered if the ensi measurement is to 
be of maximum value. The stated defi- 
nition of ensi ignores detector non- 
lineariries. This is justified if the usual 
high-level diode peak detector (so called 
' linear” detector) is used. 


In rhe description of the ensi mea- 
surement, the carrier value E* was men- 
tioned as "specified”. As a general rule, 
this value should be from 3 ro 10 times 
the resulting ensi value. The 1938 
I. R. E. Standard states that the measure- 
ment is to be made at a level ofJ5^xv if 
the "absolute sensitivity" of the receiver 
is 5 pev or less and at 50 fiv if the 
sensitivity is between 5 and 50 (jlv. 
These precautions are necessary, due to 
the fact that rhe output signal-to-noise 
rario of an A. M. detector is a non-linear 
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function of the carrier-to- noise ratio. It 
is also a function of the I. F.-to-A. F, 
bandwidth ratio and k varies with rhe 
shape of the amplitude-vs-frequency re- 
sponse curves of these two portions of 
the receiver. In general, however, if the 
carrier- to- noise ratio into the detector 
exceeds 10 db, the errors in the out- 
put signal-to-noise ratio becomes neglig- 
ible. Figure 1, taken from reference 4, 
illustrates this facr. For further derail on 
this matter, the reader should consult 
references 4, 5, and 6. 

Ir should be noted, especially, in 
comparing different receiver designs for 
weak signal performance, that the effects 
of the second detector on output signal- 
ro-noise ratio will not show up with a 
standard ensi measurement. For this 
reason the ensi measurement has given 
way in many specifications, to the mea- 
surement of sensitivity as fhe input, be- 
hind a specified source impedance, re- 
quired to produce a stated output with 
a specified minimum signal-to-noise 
ratio. In evaluating equipments under 
such a specification, the second detector 
effects will usually be negligible if, the 
output signal-to-noise rario is 10 db 
or more and if rhe noise -free transfer 
chars creristic of rhe detector is linear. 

An additional proposal for a sensitiv- 
ity figure which combines the concept 
of maximum gain with the limitations 
imposed by the receiver internal noise 
level has been suggested by J. M. Pet- 
tit. 7 In this proposal, the concept of 
'standard gain setting’’ is introduced. 
This is defined as the setting of the 
gain control which permits rhe delivery 
of a previously decided upon standard 
noise output to a specified load. This 
standard noise output must be specified 
for a given class of service and for 
Specific equipments. For example, it 
might be specified as 0.5 milliwatts in 
600 ohms as is typical for some com- 
munications equipment The procedure 
for measurement is to connect the test 
equipment to the receiver, but with the 
signal generator adjusted for zero out- 
put. The receiver gain control is then 
adjusted for standard noise output. The 
output of rhe signal generator is then 
increased until “standard output** is ob- 
tained on the output indicator. The level 
from the generator is then noted as the 
receiver sensitivity. If standard noise 
output Ls not achieved, then a "maxi- 
mum gain” or a ''maximum sensitivity" 
criteria is used as previously discussed. 
This procedure is a formalization of 
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SIGNAL GENERATOR 4-TERMINAL NETWORK CIRCUIT 



Attenuator of character- 
idle impede nee R and 
attenuation 

$ g = Power available at Sig. Gan. Output 
terminals. 

V* 

s, 

R4 


S ^ Signal power available at the output 
terminals of the 4-re/minol network. 

N =: Noise power available ot the output 
terminals of the network. 

G = 5/Sfl which depends on generator im- 
pedance but not on load connected to 
network. This is defined for midband 
frequency of network. 


figure 2a. Equivalent Circuit for Noise figure Definition 


the previously mentioned general class 
of sensitivity specifications which srate 
an inpur signal level for a specified 
signal-ro-noise ratio. 

The measurement precautions men- 
tioned under rhe discussion of ensi ap- 
ply to any sensitivity measurement in- 
volving die ratio of single 'frequency 
power to the power in a noise spectrum. 

No ise Figure 

In an effort to work out a more basic 
measure of receiver performance when 
limited by random noise, several work- 
ers proposed rating the noise character- 
istics of a receiver, independent of its 
amplification. The specific proposal 
which lias come into general use is rhac 
by D.O. North 6 . A later paper by Frits 9 
developed a more rigorous general def- 
inition of Noise Figure. This allowed 
rhe concept ro be applied to networks 
generally. In addition, Friis developed 
techniques for handling the noise per- 
formance of networks in cascade. This 
work permits calculation of a system 
noise figure from that of ks compo- 
nents or vice versa. 

Figure 2a shows the general circuit 
analyzed. The concept of available power 
is used in this analysis to avoid loss of 
generality due ro dependence on the 
receiver input impedance or the load 
connected to the receiver output. Friis 
defines Noise Figure of a network 
(sometimes called Noise Factor and Ex- 
cess Noise Ratio) as "the ratio of the 
available signaj-to-noise ratio at the sig- 
nal generator terminals to the available 
signal-to-noise ratio ar irs output term- 


inals". From Figure 2b, we have the 
available signal -ro-noise rario of the gen- 
erator as S„/KTB and that for the net- 
work as S/N. 



4R 


Available 

Thermal No lie = P; 
Power 


KTB watls. 


e* = equivalent Thermal noise voltage. 
e n 5 ;= 4KT B where: K -= 1.38 x 10~ 

Thus, the available signal-to-noise ratio for 
the above generator Is S g /KTB, and the net- 
work output available ilgnaUto-noise ratio 
is S/N. 

(From Fig. 1, p. 419 of Reference 9) 


Fjgu/o 2b. Available Thermal Noise Power from 
o Resistor 

If F ^ Noise Figure, we have by our 
statement above 

$!/ 

KTB S, N 

(2) F = = X ; 

S S KTB 


N 

S 

(3) but G ; 

S, 

N 

(4) so F = ; 

GKTB 
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(5) or N — FGKTB, which includes 
the amplified signal generator thermal 
noise power GKTB so the available out- 
put noise, due only to sources in the 
network, is (F-l) GKTB. 

for simplicity, the usual measurement 
method is to adjust che attenuator A 
(Figure 2a) such chat the output noise 
power is doubled by the generator sig- 
nal. Under this condition, S = N and 
from equation (2) : 

S, V 2 

(6) F = — ■ — — , 

KTB RAKTB 


V 2 

if e 2 , — 

A 

where e* is in microvolts delivered to a 
load from an R ohm source — (implicit 
due to our use of the available 
power concept) . 

K = 1.38 x IQ— 2 * (Bolrzman's 
constant) 

B = bandwidth in kc 
T = 290° Kelvin { 17°C) 

(for arithmetic convenience) 

R = generator source io ohms 


F = 
(7) 


x 10 6 (as a power ratio) 


4RB 
or Fd b = 10 log- 


(* 2 ,xl0*) 

4RB 


Tt is important to note that the band- 
widrh B introduced in Figure 2b repre- 
sents the bandwidth of an equivalent 
rectangular power pass band of gain G 
and an area equal to that under the ac- 
tual power gaio vs frequency curve of 
the device being tested. In mathematical 
notation, 

1 /~CO 

(8) B = / Gydf 

G 

where Gy = available power gain at 
frequency f. 

G — available power gain at 
the frequency of the CW 
measure men r. 


In a practical case, B may be deter- 
mined by plotting the squared ordinates 
of the voltage gain vs frequency curve 
as a function of frequency, calculating 
the area of che resulting curve graphi- 
cally, and dividing by the value of G at 
the specific frequency, within the pass- 
band, to which the generator in Figure 
2a is tuned. 



Figure 3 . Single Frequency Noise Figure — /. F. Filter Method 


Alternative to che use of a CW signal 
generator js the use of a random noise 
generator such as a temperature limited 
diode. This permits a simpler measure- 
ment to be made, with our the need to 
determine B, but yields an answer which 
is actually the mean value of F. For 
purposes of receiver "front-end” evalua- 
cion, this is often sufficient, but for 
the evaluation of che noise figure of 
networks involving modulation or de- 
modulation, or cascaded networks of dif- 
ferent band widths, or networks in which 
the source resistance is a variable with 
frequency, the measurement of "single 
frequency” noise figure is often neces- 
sary if proper evaluarion is to be made. 


I. F. noise spectrum is much wider than 
Vi of the I. F. response (Reference 6), 
thus when using the L F. fiber method 
of Figure 3> a much narrower than ex- 
pected I. F. filter is required. By che use 
of a CW generator and A. F. filter (Fig- 
ure 4), useful data on the variation of 
single frequency noise figure through a 
network pass band can be derived rather 
simply. In solving equation 8 it should 
be noted chat the value for G is that 
which corresponds to the frequency of 
measurement in the pass band. The re- 
sulting value of B is used in equation 

(7) to solve for the single frequency 
noise figure. 

There are several types of measure- 



No*e: ihe standardization of th* output power detector for a 3db output power increase should be 
accomplished by Introducing a known 3db change in JF gain. 


Figure 4 . Single Frequency Norse Figure — A. F. Filter Method 


The single frequency noise figure 
concept as distinct from the mean noise 
figure (which is what has been de- 
scribed above) is thoroughly discussed 
mathematically in reference (10). The 
classical method of measurement is to 
insert a variable center frequency nar- 
row-band filter between the oetwork 
being measured and the power detector. 
The single frequency noise figures which 
result from measurement through each 
center frequency of the narrow filter 
are then weighted by their relative gains 
and averaged. See Figure 3 for this 
ser-up. Since this technique is often in- 
convenient, a frequently useable ap- 
proximation results from the use of 
a CW generator, a narrow -band A. F. 
filter, and a power detector as in Figure 
4. The A. F. noise spectrum resulting 
from wide-band demodulation of an 


ment for which che CW noise figure 
measurement is necessary. A cypical one 
is the case of a receiver with a selective 
filter ahead of the first noise source 
which is comparable to the L F. selec- 
tivity. In this case, a temperature limited 
diode measurement with a wide-band 
power detector may indicate a poor noise 
figure (mean noise figure). Measure- 
ment with a single frequency method 
may disclose a good band center noise 
figure, but with rapid deterioration 
toward the band edges, which indicates 
an incorrect choice of R. F. selectivity, 
impedance match compromise, or too 
wide a coupling circuit between the first 
and second stages of amplification if che 
second stage contributes appreciable 
noise. 

Some interesting data results from 
solving equation ( 7 ) for e, . 
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Figure 5. Vofues of e, for Vorfovj Noise figures »ft<J ftan dwidihe 


(9) e, “ J 4RBx 10 ■' *' antilog F ri ^ 

Figure 5 plots these results for several 
bandwidrhs and for R = 50 ohms. Nore, 
for example, that with a noise figure of 
3 db and a bandwidth of 3 k c, the input 
signal, e„ required to double the avail- 
able noise power output is 0 035 mic- 
rovolts. This is approximately true for a 
voice frequency VHF A. M. communi- 
cations receiver of good design. Obvi- 
ously, a generator of extremely low 
leakage and good low-level calibration 
is required to make this measurement. 


An external 40-db pad is usually re- 
quired to reduce the usual L0 — /iv 
minimum level to the order of 0.01 jliv. 

There are several sources of error in 
noise figure measurements. Typical are 
rhose associated with the super-hetero- 
dyne selectivity of the receiver under 
test. In general, the f. F. and image fre- 
quency rejections must exceed 10 db if 
significant error is to be avoided. It is 
interesting to note that such spurious 
responses will give a pessimistic (high) 
noise figure if a CW generator is used 


for rhe measurement, but an optimistic 
reading if a broad-noise spectrum gen- 
erator is used. This is due to the fact 
thar in the former case, the receiver is 
exposed to unwanted noise generators 
(I. F. or image) which have no signal 
counterpart. 

Another source of error may occur in 
the determination of rhe doubled output 
noise power. This is not as critical as in 
rhe case of the ensi measurement, since 
the detector output with a CW signal at 
a 3-db signal -to-noise ratio is largely 
composed of noise sidebands. The best 
method is to calibrate the I. F. amplifier 
for a 3-db gain differential, so drat the 
detector operating point stays the same. 
If the device permits, insertion of a 3-db 
attenuator is best, if it can be done 
without an accompanying change in 
bandpass. Alternatively, the gain control 
can be calibrated for a 3-db gain change. 
Hither of these two methods can be used 
ro calibrate the derector characteristic to 
answer the question of its power re- 
sponse. It should be noted thar any at- 
tempt to use a modulated signal for 
noise figure measurement is beset with 
all the errors of the ensi method and 
should be avoided. 

A precaution which is important to 
all sensitivity measurements* but especi- 
ally so in the case of noise figure, is the 
need to accurately control the generator 
source impedance and noise tem- 
perature. In the absence of contrary sys- 
tem requirements, a resistance should 
be used equal ro the nominal transmis- 
sion line impedance for which the re- 
ceiver is designed and corrected to 290° 
K from rhe actual temperature. 


Conclusion 

Sensitivity measurements made on re- 
ceivers which have sufficiently low in- 
ternal noise ro detect thermal noise in 
the source are among the most exacting 
which can be made on a radio receiver. 
Good results require good equipment, 
careful set-up, and careful experimental 
technique. Mosc important, however, is 
a thorough understanding of the theo- 
retical basis of (he measurement and the 
use to which (he results are to be put. 
The precautions and suggestions in the 
preceding discussion have all been Thor- 
oughly proven by extensive use in the 
laboratory and are offered to the reader 
as a guide to better experimental 
procedure. 
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More About Transistor Measurements 
With The HF-VHF Bridge 


GEORGE P. McCASLAND, Sales Engineer 


The response to the transistor meas- 
urement article, which appeared iu Note- 
book No. 1 9 y was gratifying indeed. 
Many helpful suggestions- and criticisms 
were received from Notebook readers. 
Your aurhor hopes that the information 
presented here will serve to correct and 
clarify' several points in question. 

h 2lb and h llb Formulas 

The derivation of h^n as explained 
in the appendix to the original article 
is not entirely correct. Diagram 4 on 
page 5 of Notebook No. 19 shows e\ 
to be positive toward the emitter Ter- 
minal of the transistor. In diagram 7, 
on the other band, e\ is shown positive 
toward the base terminal. Actually, cur- 
rent flow shown in both cases requires 
that e\ be positive toward the emitter 
terminal. Therefore, the derivation of 
the h±\h formula should have been 
given as: 

—*i 

b nc — from diagram (7) 

i\ 

i, — (1 — °c)L: from diagram (7) 
— e\ 

h Ur — ■ = 7 

— ( 1 — °c) J* (1 — « ) H 

&Y 

Now; An* = from diagram (4) 

i e 

bi\i> 

b\\o = 

1 — a 


— 01 — 1 = h'2\b 

h\\r 


In deriving the formulas for h%\h and 
hi 2 b> certain approximations were made 
which were not specifically mentioned 
in the original article. Formal network 
theory shows these approximations. For 
example, from the cable of Matrixes of 
3 -Terminal Nerworks on page 506 of 
Reference Data for Radio Engineers , by 
LT.T. we find that: 

h\ v> 

b no = 

d 

From page 503 of the same book: 

d hy\ Jb‘22 h\2 ^21 h\.'2 ~\~b'±\ -[“1 

— b\\ bw — ^12 

and 

for junction transistors: 

«Asi 
*12 «1 
d ~ 1 — |— ^21 - 

Therefore: 

b\\x> 

An* = * 

1 -|-^au 

b\\h 

biib = 1 — — <x. 

Converting RX Meter Readings 
to Admittance and Impedance 

The RX Meter directly reads out re- 
sistance in parallel with a capacitance 


(+C P ) or an inductance ( — C v ). If 
RX Meter readings are convened to ad- 
mittance, +Cj> converts to a positive 
suscepcaoce and — C p converts to a neg- 
ative susceptance. When RX Meter read- 
ings are converted co impedance, +C P 
converts to a oegative reaccance and 
— C p converts to a positive reactance. 
These changes of sign must be remem- 
bered when using the series-parallel 
conversion chart. Considering these 
changes io sign then, correct rectangular 
Z’s in Table IV on page 4 of Note- 
book No. 19 are 144— j 52 and 65-[~j66 
while correct polar Z’s are 7 53 / — -20° 
and 93 745° . The signs and j’s preced- 
ing C p (ohms) in the same table are 
somewhat misleading and should There- 
fore be disregarded. 


Calculation of h 2 ib ond 

Using the corrected h‘>n formula and 
corrected values from Table JV, the 
new sample calculation of h>\b should 
read as follows: 

bnt> 

b-i ] ;> — — « ^ 1 

Ajio 

93/45" 

= 1 — .61 765° — 1 

153 7—20° 

= .26 + /. 55 — I 

- — ■73 +/-55 

A*u = — « — .93 /143° 

oc — .93 7—37° 
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MEET OUR REPRESENTATIVES 

BIVINS AND CALDWELL 
HARRY J. LANG, Sales Manager 



Headquarter* of 6 ivins and Caldwell, Inc. in High Point, N. C. 


Bivins and Caldwell, Tnc. was founded 
by John F. Bivins and David J. Caldwell 
shortly after their return ro High Point, 
North Carolina ar the close of World 
War II, in rhe belief rhat electronics 
and radio communications would play 
an increasingly important role in the 
future indusc/ial development of the 
South. The specific need for a technical 
group to provide local customers with 
sales and application engineering serv- 
ices on complex electronic equipment 
was apparent and rhe partners formed 
their organization to represent leading 
manufacturers of communications and 
electronic laboratory tesr equipment. 

Both partners, by virtue of their back- 
grounds, brought a wealth of specialized 
experience to the new company. John 
Bivins majored in physics and engineer- 
ing at Duke University and had been 
in the radio and comma oica cions busi- 
ness in High Point for nearly ten years 
jprlor to World War II. Dave Caldwell 
majored in physics and engineering at 
Davidson, taught physics at that school 
for two years after graduation and later 
held posts in the production and cost 
accounting fields. During the War>Dave 
Caldwell served in the Planning Section 
(G3) of cbe Army, and John Bivins 
was employed as a special engineer wirh 
the Navy Department, dealing with 
planning and supervision of Radar in- 
stallations on Naval vessels. 

Industrial expansion throughout the 
South during rhe past eight years di- 
rectly confirmed the early beliefs of 
Bivins and Caldwell and also brought 
about a decisive change in the Bivins 
and Caldwell organization. While broad- 
casting equipment accounted for the 
major portion of their business up until 
approximately 1949, the rapid growth 
of electronic manufacturers and related 
industries, created increasing demands 
for specialized services in the applica- 
tion of electronic instrumentation and 
the organization now handles precision 
electronic laboratory equipment exclu- 
sively. Bivins and Caldwell joined BRC 
in 1952 and has continuously handled 
our products since that time. 

With increased business activity came 
rhe requirement for expansion of the 
company’s personnel and facilities. C. 
M. Smith, Jr. joined the expanding com- 


pany in 1950. "Smitty” is an engineer- 
ing graduate of North Carolina State 
College wirh extensive communications 
engineering experience. During World 
Wax IT he served as an Electronics Of- 
ficer with the U. S. Navy and was an 
instructor at the famed M.l.T. Radar 
School in Boston, Mass. Later additions 
to the staff have increased total per- 
sonnel to over 21; 9 of which are field 
engineers who concentrate exclusively 
on customer problems. 


The company's facilities have also 
been increased, with branch offices in 
Atlanta, Georgia, and Orlando, Florida. 
The new headquarters building in High 
Point is one of the most modern aod 
best arranged office facilities in the 
area. The Service Department here, un- 
der the direction of Mr. Robert L 
Moore, has complete repair and recali- 
bration facilities and is well equipped 
to service all products that are cur- 
rently handled. All offices are equipped 
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with TWX service for efficient com- 
munication with all factories. The com- 
pany also maintains a fleet of eight ve- 
hicles for use by field engineers. The 
Bivins and Caldwell Fall Road Show, 
which runs for about four weeks, covers 
some 4,000 miles and is an annual eveoc 
attended by several thousand engineers 
in the local area. 

Bivins and Caldwell believes that 
their organization must operate on the 
premise of fundamental engineering in- 
tegrity. Their basic objective is to assist 
customers in solving engineering prob- 
lems and to recommend the best avail- 
able test equipment and techniques for 
the particular job to be done. We at 
BRC proudly salute Bivins and Caldwell 
for their faithful service to our many 
valued customers throughout the Soudi. 

EDITOR'S NOTE 

John P. Van Duyne Appointed 
Engineering Manager at BRC 

The appointment of John P. Van- 
Duyne as Engineering Manager, effec- 
tive August 18, 1958, has been an- 
nounced by Dr. George A. Dowos- 


brough, President. Mr. Van Duyne comes 
to BRC with 15 years of experience in 
the fields of engineering and electronics. 
The major pan of his experience has 
been in the development and produc- 
tion of electronic instruments. 

After receiving his Bachelor of Science 
degree in Electrical Engineering from 
Rensselaer Polytechnic Institute of Troy, 
New York in December 1943, Mr. Van 
Duyne served with the U. S. Signal 
Corps where he instructed in radar and 
radio relay techniques. During his last 
year of service, he was engaged in the 
design of Radio Countermeasures epuip- 
rnent in the Coles Laboratory at Fort 
Monmouth, New Jersey. 

Following his discharge from the Sig- 
nal Corps in 1946, Mr. Van Duyne 
joined the Measurements Corporation 
of Boonton, N. J. as Project Engineer 
and was engaged in the development of 
signal generators, 

Jn August 1948, he became associated 
with the Allen B. DuMont Laboratories, 
East Patersoo, New Jersey, serving suc- 
cessively as Senior Engineer, Section 
Head of the Advanced Development 
Section, and Section Head of the Gr- 
ant Design and Development Section. 

From March 1953 until he joined 
BRC in August, 1958, Mr. Van Duyne 


held posts with the Westinghouse Elec- 
tric Corporation jn Mecuchen, New Jer- 
sey. He served as Engineering Section 
Manager and was engaged in the design 
of color television receivers until Jan- 
uary 1956 when he was appointed Man- 
ager of TV Engineering. He served in 
the latter capacity until he joined BRC. 

An active radio "ham”, Mr. Duyne 
is also a member of Tau Beta Pi, Eca 
Kappa Nil, Sigma Chi and the Institute 
of Radio Engineers. 



JOHN P. VonDUYNE 
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A General Purpose Precision^ Sigtia Incinerator 

CHARLES G. GORSS, Development Engineer 



Design Considerations 

The primary purpose of a signal 
generator is to simulate, acuxately, some 
pare or parrs of a transmission system 
which arc nor conveniently operated at 
a test area or in a laboratory. Most im- 
portant among the design considerations 
of such a device axe Its size, the precis- 
ion with which it simulates tesr signals, 
and the stability of the simulated signals. 
Because test and laboratory space is 
usually limited, the signal generator is 
required to cover, in one small package, 
a band of frequencies wide enough to 
test an entire system, usually many 
times the size of the signal generator it- 
self. As electronic systems have become 
more precise, the precision require- 
ments placed upon the signal generator 
designed for use with these systems have 
become more stri agent. A natural com- 
panion to precision is stability: che 
generated frequency, in particular, must 
nor vary under the influence of the 
power line or amplitude modulation. In 
simulating weak signals into a hlgb- 
sensitivity receiver, ic must be possible 
to set the output of the signal generator 
to provide signals as low as O.Lgv with 
the knowledge that rhe results are nor 
being clouded by leakage from che gen- 
erator enclosure. Therefore, the design 
of che enclosure is very important along 
wirh all of the circuit design considera- 
tions. 

Oscillator 

The range chosen for this design is 
10 to 500mc, die area of most in- 
tensive use in equipment development. 
Covering such a range with a single 
oscillator* implies that some changes in 
rhe parameters of the frequency deter- 

YOU WILL FIND . . . 

A Gone/oZ Purpose Precision Signer/ 


Generator / 

A Signer/ Generator Calibrator for RF 

Level and Per Cent AM 5 

A earing PM-AM Sign a/ Generator 7 
2 5th Anniversary for 0KC 7 



figure ?. Type 225 -A S ignat Generator 


In common use today is che concept 
of rhe turret, a device which actually 
removes che inductive dement of the 
resonant circuir and replaces it with an- 
other element. This would seem to suit 
our purpose, because in such a device, 
lead length can be controlled. However, 
positioning must be very accurate and 
very stable. Providing a means for con- 
tacting these coils as chey come into 
position requires careful consideration. 
The coocacts must have low inductance 
and stray capacitance as well as a stable 



figure 2. function a/ Black Diagram 


mining elements will have to be made 
at periodic intervaJs through the range. 
It is impractical to imagine that vary- 
ing one element, or varying both L and C 
for that matrer, could possibly permit 
coverage of the 10 to 5 00 -me range 
in one band. At lower frequencies one 
can often choose from several different 
coils with a selector switch, but in the 
UHF range, leads and connections must 
be short, precluding the use of simple 
switching. 


ATTENTION 

NOTEBOOK SUBSCRIBERS 

We are oirrendy revising our sub- 
scription list. If you wish co continue 
co receive the BRC Notebook and 
have not mailed a reply card please 
fill out and return the endosed post 
card. PLEASE DO NOT MAIL A 
CARD fF YOU HAVE ALREADY 
DONE SO. 
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low res is ranee. The physical structure of 
the turret is very important also, as any 
tenancy of the basic sent ecu re to change 
dimensions or warp would result in 
frequency instability. 

Use of the turret imposes certain limi- 
tations on the actual oscillator circuitry. 
The preferred circuit is one which em- 
ploys a minimum number of moving 
contacts. It would be desirable then to 
design an oscillator with a feedback net- 
work which could be fixed for ah fre- 
quencies so that additional swirch con- 
tacts would not be required. A circuit 
which fits the turret requirements quite 
well, with a minimum number of con- 
tacts in the frequency determining net- 
work, is shown in Figure 3 The feed- 
back is accomplished with a capacitive 
divider from one plate to the opposite 
grid, using the grid capacitance of the 
tube to cathode together with a fixed 
mounted capacitor from the other plate. 
This cwo-cube oscillator is particularly 
adaptable to our requirements for sev- 
eral reasons. First, it gives more power 
than a single tube of the 2AF4-A class; 
an important factor because good isola- 
tion from the modulator will be a re- 
quirement of the overall system and 
the more power there is to dissipate in 
isolation, the less reaction there will be. 
Second, the feedback is simple and 
fixed. Third, the two-tube oscillator 
works very well with a split-stator cap- 
acitor which requires no wiping con- 
tacts. This is important because wiping 
contacts on an oscillator capacitor would 
introduce noise and instability. In this 
oscillator, the cenrer of the tank is at 
ground potential and therefore the rotor 
of the capacitor is also at ground po- 
tential for RF frequencies. With this 
arrangement the capacitance to ground 
of the capacitor drive is noncritical. 
Since rbe center of rhe oscillator coil is 
also roughly at the .neutral or ground 
plane; plate power can be injected at 
this point from a common supply ring 
on the turret. This ring may be a simple 
slip ring rather than a swirchable con- 
tact. Actually the oscillator turret is so 
constructed that rhe center of each coil 
is permanently tied back to this common 
slip ring through individual 100-ohm 
resistors. These resistors serve to break 
up undesirable RF paths, but do not 
introduce any appreciable plate voltage 
or radio frequency loss. 

Coupling from the oscillator is ac- 
complished by a pickup coil wrapped 
on rhe same form as the oscillator tank. 
Its output is picked up by two wiping 
contacts (similar to the contacts in the 


rank circuit) on rhe side of the turret. 

Mechanical considerations in this part 
of the circuit have been very carefully 
thought out. The contact buttons on the 
turret are of coin silver and the mating 
spring fingers are of beryllium copper 
with a rolled-on coin silver overlay of 
0,0025-inch thickness. (Silver plating 
can not be depended upon to withstand 
wear.) The turret itself is cast in an un- 
modified Epoxy Resin made by CIBA 
known as Araldice 6060 casting resin. 
This material has a reasonably low co- 
efficient of expansion ( 50 ppm/°C and 
contains no filler material. The result 
is a very stable casting with no internal 
stresses and good machinability. Araldite 
resin is used to cement the silver button 
contacts into rhe casting. The circuit 
itself is mounted on a silver-plated brass 
chassis in a way which minimizes lead 
lengths and maintains the fundamental 
circuir symmetry. The basic enclosure 
tying the encite assembly together is a 
heavy aluminum casting mounted on 
a silver-plated aluminum base plate. 
Positioning of the turret is accomplished 
by means of a stainless steel shaft which 
mounts a heavy hardened steel decent 
plate. The decent plate is restrained by 
an arm and roller assembly which is 
substantially spring loaded for 
positive positioning. 



Figure 3 . Oscillator Circuit 


Modulator 

There Are many ways to modulate an 
RF signal once it is produced and it 
was necessary to evaluate these various 
methods in order to make rhe wisest 
choice. It was thought, at first, that it 
would be best if the modulator did not 
require tuning. This would immediately 
simplify the job by eliminaring one 
tuning capacitor. It developed however, 
that this approach would create a prob- 
lem in the output system. The piston 
attenuator in the output system operates 
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with a rather large insertion loss; around 
30 db over our frequency range. What 
is more, at least 20 db of attenuation is 
required between the modulator and the 
oscillator to prevent spurious frequency 
modulation as a result of amplitude 
modulation. An untuned modulator 
would impose an additional insertion 
loss. The output requirements of 0.1 
volts is db below a milUwatc. With 20 
db required for isolation, 10 db foe mod- 
ulation, and 30 db for the attenuator, 
there is a total loss of 60 db between 
the oscillator and the output. This means 
char a ridiculously high figure of roughly 
500 watts would be required to provide 
the desired output. The oscillator dis- 
cussed previously, puts out about 500 
milliwatts ligJitly loaded. 

Diode Modulator 

Another approach worthy of consid- 
eration is some form of diode modulator 
following the piston attenuator. There 
seem ro be two objections to this ap- 
proach. First, the noise generated in the 
diodes would be objectionable at low 
levels such as 0.1/av. Second, the high 
levels of voltage necessarily applied in 
order to produce a 0,1 -volt output would 
necessitate operation of the diodes in 
a more linear operating range and there- 
by destroy the modulation capabilities. 
Typical low-level diode modulators of 
this type have about 50K /jLv maximum 
input and about 10 db insertion loss, 
meaning that the maximum modulated 
RF output would be around 15K juv. 
An advantage of this type modulator 
would be that the piston attenuator 
could couple directly to rhe oscillator 
and eliminate the second tuned stage. 
However, the poor low-output capabili- 
ties make it unsuitable for our purpose. 

Toned Grounded-Grid 

Trode Amplifier 

If the modulator could be designed to 
provide a 20-db gain, instead of the 
10-db loss introduced by an untuned 
modulator, there would be only a 30-db 
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loss beyond the oscillator and the oscil- 
lator output requirement wouJd need 
to be only 500 milliwatts. A tuned 
grounded-grid amplifier, utilizing a 
6AN4 UHF triodcj will provide this 
20~db gain. The gain drops as 500 me 
is approached, buc improved attenuator 
coupling at the higher frequencies com- 
pensates for this effect. 

There are several ways to modulate 
a tuned grounded-grid rriode amplifier; 
by means of the plate, grid, or cathode. 
Both plate and cathode modulation re- 
quire power. Grid modulation does not 
require power, but requires careful selec- 
tion of operating point for reasonable 
linearity. Since this stage would not be 
operating as a class C amplifier, linear 
place modulation would not be possible. 
Therefore, ia the interest of simple low- 
powered amplitude modulation, a grid- 
modulation system was chosen. 

In such a system, the grid must be 
well grounded for the RF signals but 
not for audio signals. This requires thar 
a suitable capacitor be placed from grid 
to ground. A common failing of a high- 
frequency, grounded-grid stage is in- 
stability caused by the existance of in- 
ductance in the grid circuit. This results 
in positive feedback and possibly oscil- 
lation. Therefore, the grid capacitor 
selected must be a very low -inductance 
device. 

The RF ground of the stage is estab- 
lished by a large silver-plated brass shield 
closely contoured to the rube socket 
and passing directly through the center 
of the rube socket and the grid pins 
which are located 180° apart. This 
shield not only establishes ground but 
shields the plate from the cathode. The 
grid leads are soldered to a sheet of 
silver-plated copper which covers the 
entire surface of the shield A thin sheer 
of reconstituted mica separates the cop- 
per sheet from the shield. The copper 
sheet, covers both sides of the shield 
and acts as a very low -inductance bypass 
capacitor of 1500 jujxf. This arrange- 
ment imposes a maximum RF reactance 
of 10 ohms at 10 me; rhe lowest gen- 
erated frequency. The maximum audio 
frequency to be passed by the modulator 
is 20 kc. At this frequency, rhe bypass 
capacitor js not less than 5000 ohms. 
To enable good pulse modulation, this 
capacitance would require 15 ma in 
order co permit the grid voltage to rise 
from 0 to 10 volts in 1 jus. The 15-ma 
current is based on the facr that a 10- 
volt pulse will cur off the amplifier. 
This is easily accomplished in the aver- 


age pulse generator as long as there is 
no large series impedance between the 
generator and the grid. 

Maximum isolation between the oscil- 
lator and the amplifier was given pre- 
viously as a criterion fox minimizing 
spurious frequency modulation. For this 
reason, as well as in the interest of 
maintaining the operating point of the 
modulation at an optimum level, the 
output level control was incorporated 
in the coupling between the oscillator 
and the modulator. This is merely a 
variable resistive voltage divider into 
which the oscillator output is fed. Only 
enough voltage to drive the modulated 
amplifier to rhe level which produces 
0.1 -volt output is taken from the divider. 
If a fixed attenuator were used ir would 
have to be made small enough to insure 
full output at all frequencies under rhe 
limits imposed by rube parameter varia- 
tions. The amplifier gain would then 
have co be reduced under these condi - 



Figure 4 . Modutafar Circuit 

riorts to march this fixed attenuator. The 
result would be that, under many con- 
ditions, the stage gain would be reduced 
unnecessarily to match rhe fixed at- 
tenuator and, although rhe resulting 
spurious FM would be within rhe ad- 
vertised specifications, ic would not be 
as low as the tubes were capable of 
making it if they were allowed to per- 
form at their optimum capabilities. 

Another reason for not changing the 
anode potentials m some uncontrolled 
manner is that, as previously stated, 
control-grid modulation requires careful 
selection of the stage operating point. 
The bias level is quire critical if low dis- 
tortion is desired. Because the attenuator 
coupling decreases with decreasing fre- 
quency, the average level of drive to 
the final stage increases as the frequency 
decreases. The impedance of the mod- 
ulator’s tuned load also is higher for 
each lower band because the same tun- 
ing capacitor is used on all six bands. 


These factors result in a different Opti- 
mum grid bias being required for each 
range. This js accomplished by means 
of a switch, coupled to the range knob, 
which s elects the proper bias for each 
range. The distortion is fun her reduced 
by overall inverse feedback which will 
be described further on in this paper. 

To maintain maximum isolation be- 
tween the amplifier and oscillator, the 
amplifier is housed in a separately 
shielded casting, very similar co the 
oscillator casting. The energy passing 
between the two castings is fed through 
a coaxial cable which is enclosed in 
copper tubing to prevent leakage. This 
coaxial cable couples directly ioto the 
variable resistive attenuator which in 
turn couples to the cathode of the 
amplifier. This construction prevents 
stray fields or circulating currents which 
might cause sudden unpredictable in- 
creases in spurious FM at discrete 
frequencies. 

TTie grounded -grid amplifier circuit 
tank (Figure 4) is similar to a push- 
pull tank except that one tube has been 
replaced with a reactive network. A 
true push-pull stage utilizes a complex 
driver transformer and would furnish 
more power than is required. This ooe 
tube arrangement was used in order 
that the amplifier circuitry would be 
similar in design to rhe oscillator, with 
the same design of turret and tuning 
capacitor, so that the two circuits would 
track naturally. The ruxrer is the same 
as the turret used in the oscillator 
except that there is no pickup winding. 
(The attenuator pickup coil couples 
directly to the tank coil) 

The tuGing capacitor is the same 
capacitor used in the oscillator except 
that several plate sea ions have been 
omitted. The oscillator and amplifier 
tanks are necessarily of slightly different 
design because^ in the oscillator, the feed- 
back capacitors add to the minimum 
tank capacitance. In the amplifier, the 
connections from the turret to the tun- 
ing capacitor are slightly longer to ac- 
comodate the atrenuacor. Therefore, this 
tank has a somewhat higher induaance 
and a lower capacitance than the oscil- 
lator tank. In order to assure reasonable 
tracking with these unequal tank para- 
meters, fewer plate sections were used 
jn the amplifier tuning capacitor. The 
reduced AC in the amplifier, in com- 
bination with the lower residual capacit- 
ance, results in a frequency range which 
closely Tracks the oscillator. 

The turret is cast with one fiat side 
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so that it can be positioned closely to 
the flat acre du a tor pickup coil. Between 
the attenuator rube and output rank, on 
either side of the plane occupied by the 
attenuator pickup coil, are cwo parallel 
monitor wires about % c inch apart. 
One end of each of these is grounded 
and the other ends are tied to a IN82A 
diode monitor. This monitor system, 
therefore, intercepts the same field that 
enters the piston attenuator rube and 
performs the monitor function for all 
ranges. In a narrow-range, one-band 
generator, output mood toting is accom- 
plished by feeding some energy from the 
tank through a small coupling capacitor. 
This system provides more usable energy, 
but would not be satisfactory in a wide- 
range, mu In-banded unit. The two pick- 
up conductors also serve as a Faraday 
shield, allowing only the TE 1L mode to 
propagate into the tube. Any mode 
which is propagated into a wave guide 
significantly below its cutoff frequency 
decays at a rate which is exactly logrith- 
mic with distance along the waveguide. 
This race is exactly related to guide 
diameter in a circular waveguide. How- 
ever, there are various modes which can 
be introduced into a waveguide which 
have differing races of decay. The pres- 
ence of more than One mode would tend 
to distort the ideal attenuation law. The 
attenuator is based on the TE] L mode 
because this mode decays at a rate which 
is less than any of the other propagation 
modes. The TMoi mode is shorted out 
by conductors arranged in the same 
manner as the monitor loop, because 
the attenuation rate of the TMoi mode 
is only 4.9 db per radius more chan the 
TE 0 i mode and could cause errors in 
the attenuator output. The TE ft2 mode, 
at an additional 173 db per radius, is 
also an annoyance. This problem is 
solved by arranging the pickup and rank 
coils symetricaUy around the axis of 
the tube. 

The attenuator pickup coil itself is a 
single loop of wire in the same plane as 
the center turns of the tank coil A 50- 
ohm carbon film resistor in series with 
che loop provides a 50-ohm source im- 
pedance. At the point where the loop 
connects to the output coaxial cable, 
there is an impedance compensating 
circuit composed of a 50-ohm resistor 
and a capacitor in series to ground. This 
tends to draw current of a leading phase 
when che loop phase is lagging, result- 
ing in che maintenance of a good low 
VSWR source impedance from the at- 
tenuator output. This results In a VSWR 


of less than L2. 

In order to accurately measure the 
amplitude modulation percentage, as 
well as the RF output, the 1N82A mon- 
itor diode is by -passed for RF only. 
Amplitude modulation at an audio rare 
remains as an audio voltage imposed on 
the diode dc output. To monitor RF, 
diode output is fed directly to a 20 fj . a 
mecer on the panel through suitable 
calibrating resistors. For AM monitor- 
ing, the diode output is connected to 
an ac-coupled amplifier which builds up 
che aydio envelope, then feeds it to a 
cathode follower. The cathode follower 
in turn drives a diode voltmeter which 
is fully bypassed for frequencies as low 
as 20 cps. This dc output is then 
switched to the same 20 /Lta meter 
through suitable calibrating resistors. 
The meter is marked both in % AM 
and an RF Calibrate position. It normally 
reads RF bur by means of a onomenrary 
contact switch can be made to read 
% AM. 

The output of this AM metering 
amplifier is used in another related 
manner. A certain percentage of the 
voltage from the cathode follower out- 
puts returned out of phase with the 
incoming modulation voltage. This 
tends to further reduce che AM distor- 
tion and provdes a high degree of 
stability for the entire modulation sys- 
tem. Since this places a resistive net- 
work between the input terminals and 
the RF amplifier grid which would tend 
to slow down pulses fed into this point, 
a switch at the full-clockwise position of 
the AM LEVEL control removes the in- 
verse feedback, providing direct con- 
nection from the input terminals to the 
RF amplifier conrrol grid for pulse 
modulation. 

In the pulse posirion, rhe instrument 
continues to operate as described. A 
10- volt negative pulse will rum the 
amplifier off. The amplitude modula- 
tion terminals are dc coupled to the grid 
of the RF amplifier and thus it is nor 
desirable to swing this point in a posi- 
tive direction. AU that lies between the 
AM posts and the grid is an RF filter 
which prevents RF leakage. This had to 
be appropriately damped to prevent 
ringing or extreme overshoot and there- 
fore limits the minimum rise rime 
to 2 jUS. 

Frequency Modulation 

Frequency modulation has been in- 
cluded in this instrument in its most 
elementary form. Means have been pro- 
vided for amplitude modulating the 


plate of the oscillator from an external 
post. This provides low deviation fre- 
quency modulation which, though un- 
calibrated, is somewhat predictable in 
magnitude and will be useful in the 
range above LOO me where sufficient 
deviation for che narrow-band FM com- 
munications channels is present. 

Shielding 

The instrument has been thoroughly 
shielded against RF leakage. Where flat 
cover plates engage the RF shield cast- 
ings, a raacing toogue and groove joint 
lined with silver- pjated brass mesh 
assures perfect sealing. The aluminum 
cover plates ace silver plated and join 
the casting in a similar manner. Where 
shafts protrude from che enclosure, 
double circular wiper fidgets ate used, 
one over the other. Every joint is Care- 
fully sealed by some resilient, highly 
conductive device which will retain 
high pressure and good electrical contact. 
The RF filters employ very low-induct- 
ance discoidal ceramic capacitors which 
have a resonant frequency well above 
the range at which they are used in the 
generator. The series elements in rhe 
filter are toroidal coils wound on ferrite 
cores, providing the maximum series 
loss in the smallest package possible. 

Power Requirements 

The power requirements of the in- 
strument have been kept low; in the 
order of 70 watts. This gives the instru- 
ment a good degree of stability due to 
che freedom from excessive heating. 
What is more, it has permitted rhe use 
of a very effective, but simple, power 
suppiy. The power transformer is a 
resonant circuit type, regulating trans- 
former which provides excellent stabi- 
lisation of plate and hearer voltages. In 
addition, the dc output ro che oscillator 
plate is gas -discharge tube regulated and 
the filaments are regulated by a hoc- 
wire, series-regulating ballast. This reg- 
ulation results in a frequency srability- 
vs-line voltage of much better than . 
0.001% total frequency change for a 
5-volt line shift. 

Infernal Modulation 

The instrument has an internal mod- 
ulating oscillator operating at 400 or 
100 cycles, as well as provision for ex- 
ternal amplitude modulation. 

Frequency Variation Controls 

It has been previously s raced that rhe 
oscillator and amplifier wete designed in 
such a way as to track together as the 
frequency is changed. However, some 
adjustment is necessary to peak the 


4 


THE NOTEBOOK 


amplifier output for optimum perform- 
ance at a specific frequency. This is ac- 
complished by means of a small trimmer 
knob which is coaxial with the large 
coarse frequency control knob. This 
control provides differential motion 
between the oscillator and the amplifier 
tuning capacitors. Friction in the system 
is such that the oscillator shaft does not 
turn when this knob is operated, permit- 
ting tuning of the amplifier through a 
6 to 1 reduction with negligible fre- 
quency change. The shafts are coupled 
Together with a spring-loaded, phosphor 
bronze drive cable so that, when rhe 
large frequency knob is turned, both 
oscillator and amplifier tuning shafts 
operate in unison. 

The main frequency dial, which is 
over 6 inches in diameter, is directly 
attached to the oscillator capacitor drive 
shaft. Gear teeth on the perimeter of 
the oscillator dial are driven by a 
vernier dial which is divided into 100 
parrs. The vernier dial turns 10 times 
throughout rhe full oscillator dial range. 
This provides a logging scale which 
divides any range into 1000 parts. Back- 
lash is negligible because the main dial 
is a spring-loaded, split-gear assembly. 


Rack Mountable 

As a package the instrument is on a 
standard 19-inch rack mountable panel. 
End bells provided with the instrument 
cover the protruding panel ends in case 
rack mounting is nor desired. 


Conclusion 

The BRC Type 225-A Signal Gen- 
erator is a compact, highly stable, use- 
ful signal generator free from the spur- 
ious effects which can make life un- 
pleasant for the engineer or technician. 
The following published specifications 
speak for themselves in demonstrating 
the degree of success achieved. 

Specifications 

RADIO FREQUENCY CHARACTERISTICS 
»F Range 

Tola I Range: ID lo S00 me. 

)sfo. Ronds: 6 

RF Accuracy: ±0.5% (a tier two hour warmup) 

RF S affability: ±0.05% 

RF Calibration 

Main Dioli Increments at approximately 1% 
Vemier: 1000 divisions I hr c ugh each range. 

RF Stability loiter 2 hour warmup) 

Short Temu :r 0.001% {5 minuiet) 

Long Term: ±0.01% 0 hour) 

Line Voltage: ±0.001% (5 volts) 

AF Output 

Range: 0.1/av la 0.1 volts 

(across external 50 ohm load.) 

Accuracy; ±10% 0.1 to 50 k ;iv, 10 to 250 me. 

±15% 0.1 to 5p k /w, 250 lo 500 me. 
“20% 0.05 to 0.1 v, 10 to 500 me. 


Impedance* 50 ohms 

(25 ohms at terminals of Type 501 -Et 
Output Cable) 

VSWft: 1.2 

RF Leakage: Sufficiently low to permit measure- 


AMPLITUDE MODULATION CHARACTERISTICS 
AM Range 

Intemol: 0 to 30% 

External: 0 to 30% 

AM Accuracy: ±10% at 30% AM, 10 to 250 me. 

±15% at 30% AM, 250 to 500 me. 
AM Calibration: 30, 20, 30% 

AM Distortion: 5% 10 to 250 me. 

7% 250 to 500 me, 

AM Fidelity: ±1 db 40 epi to 20 Ice, 

Incidental FM; 0.001% or 1000 cps, whichever Is 
greater, at 30% AM 

External AM Requirement*! 10 volts RMS into 4000 
ohms far 20% AM 

FREQUENCY MODULATION CHARACTERISTICS 
FM Range: (External) 

0 to between 5 be and 60 kc, depending upon 
frequency In the range 130 to 500 me, 

FM Calibration: Deviation sensitivity vs. frequency 
nomograph 

Incidental AM. 10% 

External FM Require merit si \0 vails RMS into 
1000 ohms 

PULSE MODULATION CHARACTERI STtCS 
PM Source; External 
PM Rlie Tim©: 5 jusec 10 to 40 me. 

3 fisBC 40 to CO me. 

2 SO lo 500 me. 

PM Ovorshoot: 10% 10 to 100 me. 

25% 100 lo 500 me. 

External PM Requirements: 10 volts peak negative 
pulse, 20 ma. peak short-circuit capability. 

MOOULATING OSCILLATOR CHARACTERISTICS 
MO Frequency: 400 and 1000 eps. 

MO Accuracy: ±10% 

POWER REQUIREMENTS 
225-A; 105-125 volis, 60 cps, 60 watts. 

225- AR. 105-125 volts, 50 cps, £0 watts. 


A Signal Generator Calibrator 
for RF Level and Per Cent AM 

ROBERT POIRIER, Develop ment Engineer 


Jn response co consumer requests for 
slightly higher output voltages the rype 
245-B RF Volrage Standard which in- 
itially was designed to provide accurately 
calibrated RF output voltages (supplied 
by an external source) of 0.5, L0, and 
2.0 microvolts for dbe purpose of check- 
ing receiver sensitivity and low-level 
calibration of signal generators has been 
modified to greatly enhance its useful- 
ness, The modified instrument, which 
supersedes the 245-B RF Voltage Stand- 
ard, is known as the Signal Generator 
Calibrator. It is available in two models, 
types 245-C and 245-D. Added features 
include: 1 ) a choice of calibrated RF 
output voltages; vis,, 5, 10, and 20 
microvolts or 0.5, 1.0 and 2.0 micro- 
volts; 2) direct reading of three cali- 
brated, unmodulated RF input voltages; 
viz., 0.025, 0,05* and 0,1 volt, aod 3) 
direct reading of the per cent amplitude 
modulation of the RF input voltage to 
100%. With the exception of accenua- 



Figuro J. Type 2 4S-C/D Signal Generator Calibrator 

rion, the types 245-C and 245-D are 
identical. The Type 245-C is rhe high 
output instrumenr providing 5, 10, and 
20 microvolts calibrated output voltage 
and the Type 245-D is the low-output 
instrument providing (X5, 1.0, and 2.0 
microvolts calibrated output voltage. 
Principles oi Operation 
In order to provide for slightly higher 


output voltages of the same accuracy as 
obtained from the Type 245-B RF 
voltage standard, it was considered ex- 
pedient co change the shunt resistance 
element of the micropot entiometer 1 
from 0.0024 ohms, as used in rhe 245-B, 
to 0,024 ohms for the 245-C. Output 
voltages of 5, 10, and 20 microvolts are 
thereby obtained for the same nominal 
input voltages of 0.025, 0.05, and 0,1 
volt respectively, without changing the 
physical structure of the attenuator. All 
other methods of increasing the output 
of the Type 245-B micropo tent iome ter, 
such as decreasing the input impedance 
to 6 ohms (in lieu of changing the 
shunt resistance element) or increasing 
the input voltage requirement are inap- 
propriate to the desired result. The 
problem of changing the resistance of 
the shunt element without appreciably 
affecting its physical dimensions is 
largely a matter of finding a suitable 
material from which to make the ele- 
ment; noting chat the thickness of the 
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res is ranee element is closely restricted 
at one cad by the size of the individual 
molecules which influences the mech- 
anical stability of the resistance, and at 
the other end by the depth of penetra- 
tion of rhe RF current which influences 
the electrical fidelity of the attenuator. 
The effort which has recently been 
given to the search for new materials 
and new methods of fabricating the 
shunt resistance elemenr has yielded an 
improved element for both the 245-C 
and 245-D Signal Generator Calibrator. 
The RF Voltage monitor and attenuator 
system* described in previous Notebook 
articles is shown in Figure 2. 

The value of rhe disc resistor used is 
different for rhe Type 245-C and 245-D 
as indicated. 

The measurement of unmodulated RF 
input voltages of 0.025. 0.05, and 0.1 
volt will be more fully exploited in the 
Types 245-C and 245-D than it was in 
the 245 -B. Two innovations bearing di- 
rectly on this function are: l ) a merer 
function switch to provide correct cali- 
bration of either die RF input voltage 
or rhe RF output voltage, and 2 ) fre- 
quency compensation of the RF monitor 
to eliminate the need of a frequency 
correction curve. Both the merer func- 
tion switch and the frequency compen- 
sation permit greater accuracy of input 
voltage measurement than is attainable 
with the Type 245-B. The meter func- 
tion switch precludes the =h6% maxi- 
mum error of input voltage measure- 
ment which in the Type 245-B results 
from the tolerances of the nominal low 
frequency values of the resistors in the 
micropore nciometer. Frequency compen- 
sation is accomplished by means of a 
low-Q inductive neework in series with 
the input to the RF voltmeter which re- 
duces die input VSWR due to capaci- 
tance of rhe RF monitor circuit. 

A completely new function of the 
Signal Generator Calibrator is the direct 
reading of per cent am pi i aide modula- 
tion of a modulated RF inpur signal 
around the 0.1-volt input level Opera- 
tion of rhe % AM feature requires an 
initial calibration of the unmodulated 
carrier at the O.I-volt input level using 
rhe input voltage measuring function of 
the instrument. The meter function 
swirch is then set to % AM and reads 
the full wave average of rhe detected 
modulation envelope. The additional 
gain required is * developed in a two- 
stage transistor amplifier with inverse 
feedback to stabilize the gain and im- 
prove the linearity of rhe %AM scale. 
Although the RF detector operates 
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nearly square law* die % AM indica- 
tion is nearly linear because the AM de- 
cecror is biased to be always forward 
conducting. 2 - 1 The waveform of the 
detected modulation versus die mod illa- 
tion envelope is represented in Figure 3- 
The output polarity of the diode is 
negative. Referring to Figure 3, any 
peak -to -peak limits of the detected mod- 
ulation are represented as (yi — yo ) and 
the corresponding peaks of the modu- 
lation envelope are represented as 

(x 2 — x x ). 

From 

y e= — x 2 (for die square law diode) 
yi — y> — *2 2 — x i 2 = 

(x 2 — *l)(x 2 + Xi ) 

For any given operating point x, y, 
(x 2 + x t ) is a constant, 2x since 
x+Ax + x — A x ~ 2x 

(yi — Yi) « <X 2 — Xi) 

for either distortionless or odd har- 
monic modulation distortion. Some even 
harmonic distortion of the modulation 
envelope is produced in the instrument 
as the AM detector law changes near 
the crests of 100% modulation. Experi- 
mentally, this has been found negligible 
and is anticipated in the calibration of 
the %AH meter scale. 

Since the % AM readout is in terms 
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Figure 3. Approximate AM Defector CharaetBristU 


of the full-wave average of the detected 
modulation, the % AM indi cation is 
subject to the usual errors resulring from 
interpreting peak-to-peak information 
from an average readout. The instru- 
ment is provided accurately calibrated 
for undistorted sinusoidal modulation. 
Users of this instrument should be cog- 
nizant of a source of error whicb is nor 
necessarily related to distortion of the 
modulation envelope; viz., RF carrier 
shife of the initial unmodulated cali- 
brated level which accompanies the 
modulation. Nonlinear modulation is, of 
course, a common cause of this carrier 
shift; an uncommon cause (which may 
become increasingly common) is inverse 
feedback regulation of the output power 
level of a signal generator. The Signal 
Generator Calibrator will be offered 
with the % AM indication calibrated 
for no shift of the carrier power level 
with modulation. 

Uses of the 245-C and 245-D 

The Signal Generator Calibrator re- 
tains the originally conceived function 
of providing accurate, low-level RF out- 
put voltages. Uses for this and the new 
features are enumerated as follows: 

1. Accurate spot checks can be made 
of receiver sensitivity over the 
range of 500kc to 1000 me and 
0.5 microvolt to 20 microvolts. 

2. By associating the precision fixed 
attenuator (74 db in the 245-C or 
J)4 db io the 245-D) with a pre- 
cision piston attenuator the range 
of calibrated low-level output volt- 
ages can be extended well below 
0.5 microvolt, for receiver sen- 
sitivity and noise figure measure- 
ments, subject only to limitations 
in shielding the receiver from the 
signal source, 

3. Accurate spot checks can be made 
of unmodulated signal generator 
ourpue voltages from 500kc to 
lOOOmc ac high-output levels be- 
tween 0.025 and 0.1 volt inclu- 
sive, at low levels (with a suitable 
receiver) between 0.5 microvolt 
and 20 microvolts inclusive, or at 
a level less than 0.5 microvolt with 
precision fixed attenuators. 

4. Fast, accurate measurement can be 
made of % amplitude modulation 
ro 100% for modulating frequen- 
ces from 20 cps to 20 kc. 
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NEW BRC INSTRUMENTS TO 
BE SHOWN AT IRE SHOW 

Booths 3101 — 3102 

Boonton Radio orporation will offer 
three new instruments to the electronic 
industry in 1959- The instruments, which 
will be on display in the BRC exhibit 
at this year's IRE Show in New York, 
include: the new Type 2 2 5-A 
Signal Generator, the new Types 245-C 
and D Signal Generator calibrators, and 
the new Type 202-G Telemetering 
Sigoal Genera cor. 

Designed for operation in the 10 ro 
100-megacycle range, the Type 225-A 
Signal Generator embodies circa it 
and structural design innovations which 
provide a new standard of precision 
and stability. 

The Types 245-C and D Signal Gen- 
erator Calibrators, for the first time, 
provide a convenient portable instru- 
ment for measuring and calibrating the 
RF level and percentage AM on Signal 
Generators io the range from 500KC to 
1000MC. They may also be used to pro- 
vide a calibrated source of low-level RF 
voltage for the precision resting of 
receiver sensitivity. 

The Type 202-G FM-AM Signal Gen- 
erator is aa improved generator for the 
testing and calibration of FM telemeter- 
ing sysrems offer iog RDB modulating 
frequencies and complete coverage of 
the recently extended 215 to 260 MC 
telemetering band. 

Visit booths 5101 and 3102 at the 
IRE Show during March 23 to 26 where 
BRC personnel will be on hand to give 
you more facts about these and other 
BRC instruments. 



Type 202-G Telemetering Ffyt^AM Signal Generator 


With the rapid development of FM 
telemetering systems in the post-war 
period, BRC, as a pioneer manufacturer 
of FM Signal Generators, developed the 
Type 202-D Signal Generator in 1949 
to provide FM-AM coverage of the then 
assigned 2 15*2 35 me telemetering band. 
The 202-D, which was subsequently 
assigned military nomenclature SG- 
59/U, offered continuous RF coverage 
from 175 to 250 me at output levels 
from 0. L jjlv to 0.2 volt and was de- 
signed for both interna] and external 
FM and AM. Frequency modulation was 
provided by a reactance-tube circuit, 
specially designed to maintain constant 
deviation, with carrier frequency. Con- 
trols provided continuously variable 
deviation from 0 to 240 kc Amplitude 
modulation, from the internal audio 
oscillator, was continuously variable 
from 0 to 50% and this range could be 
entended to 100%, employing an ex- 
ternal modulating oscillator. Pulse mod- 
ulation, from an external source, was 
also provided. The imernal audio mod- 
ulating oscillator provided a choice of 
eighr fixed frequencies with nominal 
values between 50 cps and 15 kc 
Further development and expansion 
of FM telemetering, Increased the appli- 
cations of this type precision signal 
generator. Both military and commercial 
system requirements called for ihp in- 
corporation of such a unit into the 
complete telemetering system. Recogniz- 
ing this trend, BRC redesigned the 
202-D and made available the Type 
202-F Signal Generator in 1957. The 
202 -F was mounted in a new cype of 
cabinet (which has now become 
standard on many of our instruments) 


that would provide for both bench and 
rack mounting. The instrument, as 
furnished, includes a complete cabinet 
and dust cover. By simple removal of 
the cabinet end bells, the instrument 
will mount in a standard 19" relay 
rack, making ir ideal for system applica- 
tions. Several other circuit innovations 
were also incorporated which improved 
stability and modulation fidelity. 

When the telemetering band was 
recently -extended up to 260 me, it 
became immediately apparent char a 
further redesign of the 202-F was neces- 
sary jn order to provide complete RF 
coverage of the new band. The new 
Type 202-G Signal Generator offers 
continuous RF coverage from 195 to 
270 me completely blanketing the new 
2 1 5 to 260 me band. As a further aid to 
the convenient checkout of telemetering 
systems, the nominal audio modulating 
frequencies, provided in the earlier 202- 
D and F, were replaced with the follow- 
ing standard RDB values: 

50, 400, 730 cps; 1.7, 3.9, 10.5, 30.0, 
and 70.0 kc. 

All other mechanical and electrical 
chara a eristics ate identical to the 
obsolete 202-F. 


EDITOR'S NOTE 

25th Anniversary for BRC 

1959 represents a major milestone for 
BRC marking the completion of 25 
years as a designer and manufacturer 
of precision electronic laboratory instru- 
ments. Befirtingly, this anniversary 
closely follows the pu rchase of a new 
70-acre plant sice in the picturesque 
Rockaway valley and the announcement 
that plans have been formulated ro erect 
a new, enlarged factory in the near 
future. Much progress and expanison 
has taken place in the electronics in- 
dustry since the inception of BRC back 
in 1934 and as we reflect back over the 
years, we feel a certain amount of pride 
in the knowledge that we have made a 
direct contribution to this growth. 

Founded in 1934 by William D~ 
LoughLin, a pioneer in the industry, 
BRC, from its earliest years, concentrated 
its engineer iog skills toward the develop- 
ment of general-purpose precision 
laboratory tools for the electronic de- 
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signer. The first product was the now 
famous Q Meter which still represents 
a basic tool and has been accepted as a 
standard throughout the industry. Im- 
proved versions of the Q Meter have 
since been designed and continue to 
form a major portion of BRCs product 
line. 

With the development of frequency 
modulation techniques in the late 
rhi nies, the company’s interests were 
focused in this area and resulted in the 
first commercial FM Signal Generaror 
which made its debut at the Boston 
IRE meeting in 19^0. BRC has since 
expanded its line of FM Signal Gen- 
erators to cover all commercial and 
military applications in this field. 

During World War II, BRQ like all 
U. S. industry, was directly engaged in 
the manufacture of cnticaJly needed 
products for the Armed Services. In 
addirion to continuing the production 
of several versions of the Q Meter and 
Signal Generators, BRC, in cooperation 
with the M.l.T. Radiation Laboratory, 
developed microwave Signal Generators 
for the calibration of radar systems. 
These efforrs won the company numer- 
ous awards and commendations and 
served to encourage a broadening of 
activities in the post-war period. 



Boonton Radio Corporation in T9J9 

Beginning in 1946* an entirely new 
line of FM Signal Generators was in- 
troduced to serve the then embryooic 
television industry and several pew in- 
struments for general purpose RF im- 
pedance measurements followed shortly 
thereafter. With the introduction of the 
VOR aircraft navigation system and the 
JLS aircraft landing system, specialized 
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Sigoal Generators for these sy seems were 
designed and introduced in the period 
from 1948 to 1953* 

Beginning ia 1953* fhe basic Q Meters 
were redesigned and a Sweep Signal 
Generaror, a self-contained VHF im- 
pedance bridge, Q Standards, and an 
RF Voltage Standard, as well as a Film 
Gauge for industrial applications, were 
added ro the line. Lasr year marked the 
development of a unique Q Comparator 
which is now ip production. 

In partial celebration of its 25 years 
in the electronic instrument industry, 
BRC is imroduciog four new instru- 
ments at the New York IRE Show this 
month: the Type 22 5 -A Signal Gen- 
erator, rhe Types 24 5 -C and D Signal 
Generator Calibrators, and the Type 
202 -G FM-AM Sigoal Generator, These 
new instruments are described la this 
issue. 

WIN A Q METER 

Visit the BRC exhibit (Booths 3101 -31 02) 
al the IRE show and enter the O Meter 
Contest. A factory reconditioned Typo 160- A 
Q Meter will be awarded agoin this year 
to the person whose Q estimate is desest to 
the aciual measured Q of a special call 
which will be on display in the BRC exhibit, 
Complete information will be furnished by 
BRC representatives in attendance at the 
exhibit. 
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Figure ). Type 245 - C Signal Calibrator. 


The Type 245 Signal Generator Cal- 
ibrator, available in two models, is a 
portable, self-powered, precision instru- 
ment which may be used as a calibrated 
high-level rf voltmeter; a source of cal- 
ibrated microvolt-level voltage of known 
impedance; and a calibrated percenr AM 
meter. Being portable and furnishing 
its own power, the instrument is espe- 
cially adaptable to correlating signal 
generators and receivers located con- 
siderable distances from one another, 
such as might be found in airline com- 
munications installations and general 
service depots. With its calibrated out- 
pur voltages, the instrument is ideal for 
calibrating receivers, since it permits 
the use of almost any shielded signal 
source, regardless of ourpur accuracy, 
obviating the need for elaborate test 
equipment. Used for calibrating signal 
generator output systems and for cal- 
ibrarmg percent amplitude modulation, 
the Calibrator not only saves inspection 
time, but frees other test equipment for 
more profitable use elsewhere. 

Description 

A simplified block diagram of rhe 


Signal Generator Calibrator is shown in 
Figure 2. The two basic parts of the 
insrrumenr, a non -frequency-sensitive rf 
voltmeter and a precision fixed atten- 
uator, are combined in a rigid mech- 
anical unic of coaxial construction, a 
cross section of which is shown in Fig- 
ure 3- The coaxial unit, together with 
suitable switching, amplifying, and me- 
tering circuits are housed in a small, 
sloping-panel cabinet measuring 9 
inches wide, 5 inches deep, and 5 inches 
high, and weighing only 5 pounds. All 
of rhe operating controls and a very 
sensitive meter are located symmet- 
rically on rhe front panel. Power is sup- 
plied from internal mercury batteries. 

Used as a high-level input voltmeter, 
the Calibrator operates as a 50-ohm 
monitor of the input voltage at rhe volt- 
meter diode, which, within rhe accuracy 
specifications of the instrument, is es- 
sentially the same as 1 the voltage applied 
to the input cable. The instrument will 
read, directly, input rf volrages of 0.1, 
0.05, and 0.025 volt. 

When operated as a source of low- 
level voltage* die Signal Generator Cal- 


ibrator must be supplied from an ex- 
ternal source. The voltage applied to the 
instrument is monitored at rhe input to 
the coaxial attenuator and the Jow-level 
output from the attenuator appears in 
series with a 50-ohm impedance-match- 
ing resistor. The rf voltmeter is cali- 
brated to indicate the output volrages of 
20, 10, and 5 /*v (245-C) or 2, 1, 0.5 
ju.v (245-D) across a 50-ohm termina- 
tion connected directly to the output 
jack of the Calibrator. The accessory 
Type 5 17-B Output Cable supplied with 
the Calibrator provides a 50-ohm ter- 
minating resistor followed by a 25~ 
ohm impedance-matching resistor which 
raises the equivalent source impedance 
at the end of the cable to 50 ohms. 

When using the Calibrator as a per- 
cent AM meter, it is necessary to per- 
form an initial setup, using an unmod- 
ulated rf in pur signal ro establish the 
% AM meter reference. This setup is 
performed with the Merer Function 
switch in the RF IM position. Once 
the reference is established, the instru- 
ment is switched to % AM and the volt- 
meter detects the same signal with mod- 
ulation applied. The ac component of 
the volrmeter is amplified, detected, 
and indicated on the calibrated % AM 
meter scale. 

A more complete description of the 
theory and design of the Signal Gen- 
erator Calibrator is given in references 
l, 2, and 3- Complete performance spec- 
ifications are given in this article under 
' Specif ications*’. 

Calibrating Signal Generator Output 

Calibrating the output of a signal 
generator is generally performed using 
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Figure 2, Signal Genera for Calibrator System Block Diagram. 


a bolometer bridge. Mosc bolometer 
bridges are essentially high-level devices 
(of the order of 0.1 volt) and there- 
fore can only be used to check the upper 
end of a piston type attenuator, mean- 
ing that the mechanical law of the ar- 
tenuator must be relied upon for lower 
voltage levels. 

Using the Calibrator, high-level volt-* 
ages of 0.1, 0.05, and 0.05 volt can be 
read, directly, merely by changing ranges 
and adjusting Hie generator outpur to 
the appropriate calibration mark on the 
meter. If it is desired to calibrate volt- 
ages higher than 0.1 volt, it is only nec- 
essary to insert a precision pad of rhe ap- 
propriate attenuation between the gen- 
erator output and the Calibrator input. 
For example* to calibrate a generator 
output of 0.2 volt, a pad of 6 db attenu- 
ation would be used, and the generator 
output level would be adjusted until 
the Calibrator indicated 0.1 vole 

Signal generator low-level output 
voltages can be calibrated using the Cal- 
ibrator as a transfer device. The 245 -C 
will calibrate, directly, the levels of 
20, 10, and 5 microvolts and the 245 -D 
will calibrate the levels of 2* 1, and 0.5 
microvolts. Used in this manner, the 
Calibrator acts as a precision fixed at- 
tenuator of 80 db attenuation in the 
case of the 24 5 -C and 100 db in the 
case of the 245-D. 

The signal generator is connected to 
the Calibrator, with the Calibrator set 
ro indicate output voltage, and the Cal- 
ibrator output is connected to a re- 
ceiver having a suitable signal- to- noisc 
ratio and a means of rnd (caring relative 
signal level. The generator output is 
then adjusted until the Calibrator in- 
dicates the desired outpur; for example* 

2 fiv. The receiver is tuned and peaked 
to this signal and die receiver output 
noted. The Calibrator is removed from 
the setup, and the signal generator, with 
its output ser at minimum, is connected 
ro the receiver. The generator output is 
increased until the receiver indicates the 


same signal level as previously noted. 
The generator is now delivering 2 ju,v 
(within specification tolerance) and its 
attenuator calibration can be checked 
accordingly. 

Should it be desired to check the at- 
cenuacor of a generator at lower levels 
than the Calibrator will provide (either 
5 or 0.5 pv)\ this may be done using 
precision fixed arrenuators between the 
Calibrator output and the receiver. 

Exploring Law of Attenuation 

A point of interest is the fact that 
■the law of attenuation of a piston at- 
tenuator can be reasonably well explored 
using rhe Signal Generator Calibrator. 
The generator output is first checked at 
the maximum level and at levels of 6 
db and 12 db below maximum using the 
Calibrator input voltmeter calibrations 
of 0.1. 0.05* and 0.025 volt. Then, the 
minimum calibrated outpur from the 
generator is checked using the Cali- 
brator and a receiver. The checks a i 
maximum and minimum output fix the 
overall calibration of the attenuator. If 
the measured attenuation at very low 
levels is less than is indicated by the 
attenuator dial calibration, it is an in- 
dication of rf leakage internal to the 
atcenuator system; i.e_, the attenuator is 
receiving power from Other than the 
desired source, a variation in rhe at- 
tenuator bore diameter, or errors in the 
dial drive. The three high-level checks 
determine the linearity of the attenua- 
tor calibration, since it is in rhis high- 
level region, where the attenuator loop 
is near the mouth of the attenuaror tube, 
chat the law of the attenuator is gen- 
erally violated by spurious modes of 
propagation. 

Measuring Recover Sensitivity 

The Signal Generator Calibrator pro- 
vides signal levels which are most often 
required for sensitivity measurements 
of both narrow and broad-band receiv- 
ers: 2, 1, and 0.5 from the 245-D and 
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20, 10, and 5 /xv from the 245-C. How- 
ever, if levels lower chan 0.5 pv are re- 
quired for more sensitive receivers or 
for noise figure measurements* these 
can be obtained by associating the Cal- 
ibrator with either a precision piston 
attenuaror ( for complete versatility ) or 
with precision fixed arLenuators. The 
lowest level of measurement attainable 
then is subject only to the limitation in 
shielding the receiver from the signal 
source. 

Used in conjunction with a swept 
signal source, the Calibrator permits the 
dynamic checking of receiver sensitivity. 
The receiver, previously aligned with a 
high-level signal* is supplied with a 
calibrated low-level, swept signal from 
the Calibrator and the receiver sensi- 
tivity curve is observed as a visual dis- 
play on an oscilloscope. This test re- 
quires the use of a well shielded sweep 
signal generator such as the BRC Type 
240-A. 

It should be noted here, that in re- 
ceiver sensitivity measurements where 
the highest degree of accuracy is re- 
quired it may be necessary ro correct 
the Calibrator voltmeter indications for 
the output cable attenuation, If the out- 
pur cable supplied with rhe Calibrator 
is used, it is advisable co apply this cor- 
rection at frequencies above 500 inc. 
For any orher cable used to connect 
the Calibrator to the receiver, rhe cor- 
rection will depend upon the length and 
ty pe of cable employed. 

Calibrating Signal Generator 
Percent AM 

Calibration of signal generator per- 
cent AM is generally performed using 
an equipment ro heterodyne the signal 
generator carrier frequency down to 
some frequency acceptable to an oscil- 
loscope and then sweeping the oscil- 
loscope with the signal generator modu- 
lating frequency. The trapaziodal pat- 
tern thus obtained on the oscilloscope 
is a measure of (he percent AM, subject, 
of course, ro rhe interpretation of the 
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observer. 

With the Calibrator only two steps 
are required for percent AM calibration. 
First* a reference level is established on 
the Calibrator input range, using the 
unmodulated ourput of the signal. Then, 
with the Cali bra cor sec on the % AM 
range, modulation is applied ro the 
carrier and percenr AM is read, directly, 
on the Calibrator % AM scale. 

Distortion 

it should be noted that the instrument 
is accurately calibrated for und is tor ted, 
sinusoidal modulation. The presence of 
distortion, therefore, introduces a cor- 
responding error in the meter reading 
as indicated in Figure 4. it follows that 
with distortion present and the most 
accurate results required, it is necessary 
to know the kind and amount of distor- 
tion so chat the meter reading may be 
corrected accordingly. 

Carrier Shift 

Anorher possible cause fox error in 
the % AM indicat ioo would be a shift 
in carrier level due to the application of 
modulation. If percenr AM calibrations 
are to be made under condi rions of 
carrier shift, it may be desirable to re- 
calibrate the #■ AM merer. For any 
reasonable linear carrier shift with 
modulation, this recalibradon is easily 
accomplished using the internal % AM 
meter sensitivity control to adjust the 
meter to indicare correctly a known 
percenr AM, 

In this connection, it is interesting to 
note that the Calibrator may be used to 
detect gross shifts in carrier level caused 
by the application of modulation. When 
used in the RF IN position as an rf 
voltmeter, the meter indication for a 
modulated carrier will be somewhat 
greater than for the same level carrier 
without modulation. For a carrier level 
of 0.1 volt, for example. the merer in- 
dication is increased approximately V Jn 
inch for 50# modulation. If. when 
modulation is applied, (he mete/ read- 
ing does nor increase abour the expected 
amount, carrier shift is indicated. Should 
the meter read less with modulation 
applied, a considerable shift in carrier 
level would be indicated, indicating the 
presence of so-called "downward mod- 
ulation" (positive peak dipping of the 
envelope). 

Monitoring Transmitter Output 

An antenna connected to the Cal- 
ibrator input and placed in proximity to 
a transmitter antenna, or at some other 
point radiating power, would enable the 


Calibrator co indicare relative field 
strength when used in the RF IN posi- 
tion . If the input to the Calibrator were 
adjusted to the 0.1 -volt reference level* 
the instrument could be used in the % 
AM position to indicate, directly, the 
percent AM present. 

An improvemenr of this application 
would be the connection of a well 
shielded, sensitive receiver to the low- 
level outpur of the Calibrator to direcrly 
monitor che transmitter while in rea- 
sonable proximity to it. 

Impedance Matching 

It should be noted rbat for the best 
accuracy in the measurements described 
herein, as wtrh most measurements in- 
volving the interconnection of instru- 
ments* the problem of marching im- 
pedances must be taken into account. 
Reference 4, covers this subject in some 
derail. 


have an output impedance of 50 ohms. 
If che output impedance is not 50 ohms, 
an impedance matching pad should be 
used. The signal level should be mon- 
itored ar the input ro the Calibrator wirh 
an accurate *c voltmeter of high input 
impedance. Internal meter sensitivity 
controls are provided in the Calibrator 
co adjust the meter for correct indica- 
tion of the three input voltages of 0.1, 
0.05, and 0.025 voir 

A second method for calibrating the 
input voltmeter is co compare the Cal- 
ibrator voltmeter reading directly co the 
calibrated output of a known accurate 
signal generacor having a piston type at- 
tenuator, such as the BRC Type 202 -E 
or Type 22 5 -A Signal Generators, These 
generators have a 50 -ohm output im- 
pedance. If a generator with other than 
50 ohms outpur impedance is used, a 
matching pad must be employed, and 



nr voltmeter attenuator terminated 

cable 

figure 3. Coaxial Vahthefcr-Aitenuotor Assembly and O uipvt Cable. 


OUTPUT 


Recalibration 

The general design of the Signal Gen- 
erator Calibrator is such that recalibra- 
tion is seldom necessary. However, if 
recal ibration becomes necessary, it is 
recommended that che instrument be re- 
turned to the factory for (he most ac- 
curate calibration. If this is nor con- 
venient, field calibration of a lesser 
degree of accuracy may be performed. 

Input Voltmeter 

Field reca) ibration of che input volt- 
meter may be accomplished using either 
of two methods. The first mechod in- 
volves the use of a 1000 cps source and a 
60 juf additional bypassing capacitor. 
The bypass capacitor is connected at the 
voltmeter output at the end of (he co- 
axial block. The 1000 cps should be of 
low distortion and the source should 


the attenuation of the pad must be taken 
into account when determining che in- 
pur to the Calibrator as indicated by the 
signal generator attenuator calibration. 
The input signal is adjusted for 0.L, 
0.05, and 0.025 volt and rhe internal 
sensitivity controls in the Calibrator are 
adjusted so that the Calibrator indicates 
these levels correctly. If a generator of 
dubious accuracy is used, the three levels 
can be established by calibrating the 
generator ar the three levels, using a 
bolometer bridge. 

% AM Meter 

The % AM Meter can be recalibrated 
in much the same way as the rf volt- 
meter; i.e., by comparison with a known 
percent AM. As mentioned previously, 
it is desireable that the modulation be of 
low distortion and that there be no 
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Figure 4. Examp/a of Error Caused by 10% Second and Third 
in -phase harmonic Modulation Distortion. 


carrier shift with modulation, A suitable 
generator for this purpose is one such as 
the BRC Type 232 A. If only an un- 
calibraced AM source is available, it may 
be calibrated using the rrapazoidal 
method. A convenient modulating fre- 
quency is 1000 Cps and a good calibra- 
tion point is 50%. Several points may 
be checked, if desired, and a compro- 
mise setting may be made for any slight 
error noted. With the modulated signal 
applied to the Ca libra tor, the internal % 
AM meter sensitivity control is adjusted 
so rhat the meter indicates the correct 
% AM. 

Low-Level Output 

When the Signal Generator is re- 
ceived from the factory, it is accurately 
calibrated. It would be advisable at rhis 
time to calibrate the high and low-level 
outputs of several signal generators and 
to record the information. This data 
would then serve as a convenient means 
for checking the calibration of die sig- 
nal Generator Calibrator at some later 
date when there is reason to believe 
thar its accuracy has deteriorated. 


The generator is then disconnected from 
the receiver and the Calibrator (set for 
a 2 /a v output) is inserted; the input 
cable connected to the generator and the 
terminated output cable connected to 
the receiver. The generator output is in- 
creased until the receiver indicates the 
same signal level as was previously in- 
dicated (2 /av), and the internal sen- 
sitivity control in the Calibrator is ad- 
justed so that rhe Calibrator meter in- 
dicates the correct calibration. The same 
procedure would be used for the two 
lower levels of 1 /av and 0.5 /av utilizing 
the sensitivity controls provided' for 
each level. This method is of greatest 
value when the generator has been pre- 
viously checked by the Signal Generator 
Calibrator. 

As mentioned previously, it is nec- 
essary to properly match impedances if 
rhe best accuracy is to be obtained. Also, 
it is advisable to use identical type and 


length cables when making comparison 
measu rements. 


Specifications 
radio frequency measurement 
CHARACTERISTICS 
RF Ranflfl: 500 Xt. To 1000 Me. 
ftf Voftoge Mea&urem&nt L&vels: 

Input. 0.025. 0,05. 0,1 Volt*. 

Oulpitf: 5 , 10/ 20 jtiv. (2^5-C). 

0.5. 1. 2 juv. (245^0). 

RF Voltage Accuracy! 

Input; ±10% 500 Kc. lo 500 Me.* 

±15% 500 Me. to 1000 Me.* 

“When upppfted from a 50 ohm nominal 
source, with o V$WR <2, 

Output] ±10% 500 Xc to 500 Me, 

±20% 300 Me. to T000 Me. 

RF Jmj>Ddanco: 

Input: 50 ohmi. 

Outpui: 50 ohms.* 

*At output jock on Instrument end at 
output connector erf Type 517-B 
Output Coble. 

RF ySWR: 

Input! <1.3 500 Kc, to 500 Me. 

<1.5 500 Me. to 1000 Me. 

Output: <1.05 500 Kc. to 100 Me.' 

<1.07 100 Me. to 500 Me.' 

<1.1 500 Me. to 1000 Me.' 

*At output connector oi Typo 517-B 
Output Cable. 

AMPLITUDE MODULATION measurement 
CHARACTERISTICS 
AM Ranger 10 lo 100%. 

AM Accuracy: ± 10 % 30 cps. lo 15 K<.“ 

±15% 20 cpi. to 2D Xc.* 
'Modulotlng Frequency. 

AM frequency Range: 20 cp*. to 20 Kc- 
ftf Input Requirement!: 0.05 volt*. 
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Measurement of Voltage Sensitive Capacitors 


Field recalibration of the Calibrator 
low-level output (attenuation) can be 
performed easily by direct comparison to 
a signal generator having an accurately 
calibrated precision piston attenuator 
which has been standardized with a 
bolometer bridge. A sensitive receiver 
of good signal -to- noise ratio, with a 
means for indicating relative signal 
level, is required to monitor the low- 
level signals. The generator is connected 
to the receiver and a low-level signal of 
the order of 2 p v is applied. The receiver 
is tuned and peaked to this signal and 
the relative signal level indication do ted. 


As evidenced by an ever- increasing 
rate of inquiries, there is a growing in- 
terest today in measuring the dynamic 
parameters of voltage sensitive diode 
capacitors at radio frequencies. Much in- 
formation has appeared in the literature 
on these devices, so that it will suffice 
to say that these diodes, under certain 
biasing conditions, exhibit the charac- 
teristics of variable capacitors. Our par- 
ticular interest in this matter is to in- 
dicate a means of measuring the equi- 
valent series resistance, equivalent series 
capacitance, and of course, Q of these 


capacitors. The Type 250-A RX Meter, 
a completely self-contained RF bridge 
operating over a range from 500 kc to 
250 me, and completely described in 
issue number 2 or the Notebook, has 
been found ideally suited for this appli- 
cation and the purpose of this article is 
to outline a method for carrying out 
these measurements. Since the Q cao be 
very easily found from the resistance and 
capacitance, and inasmuch as the equiv- 
alent series capacitance and equivalent 
parallel capacitance are approximately 
the same where the Q involved is 10 or 
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Cv IS UNKNOWN DIODE CAP. 

C, 13 ISOLATING CAPACITOR 

C ARE BY-PASS capacitors 


R^RzARE ISOLATING RESISTORS 
VALVES OF Ca,C 3i P NOT CRITICAL 
L= COIL USED TO EXTEND CAPACITIVE 
RANGE OF RX METER 



O-4S0V 


JIG PROPER EXTERNAL BIAS SUPPLY 

Courtesy Pacific Semiconductors^ Inc. 

Figure T. Typhat circuit fo r measuring voltage sensitive capacitors at frequencies above approx* 
Jmolefy 2 6 me. 


greater, measurements can be simplified 
to die determination of the equivalent 
series resistance and equivalent 
capacitance. 

Basic Technique 

Basically the technique used in meas- 
uring these voltage sensitive diode 
capacitors is very similar to that env 
ployed with other circuits requiring a 
known and controlled amount of bias 
applied to the component under test. 
Methods of incroduc mg biasing poten- 
tials and typical measuring circuits for 
the RX Merer have been discussed in 
issue number 6 of the Notebook. This 
article also illustrated a method for ex- 
tending the capacitance range of the 
RX Meter beyond the direct -reading 
range of 20 /quf available on the in- 
strument, Actually, then, rhe matter of 
measuring the voltage sensitive capaci- 
tive diode merely involves the introduc- 
tion of the necessary bias to establish 
the proper operating point and a know- 
ledge of the method used, for extending 
rhe capacitive range of the RX Meter. 
This information, when properly applied 
will yield for frequencies below 20 me, 
the equivalent parallel resistance and 
capacitance, which can then be con- 
verted to the Q of the circuit. 


High-Frequency Technique 

Foe measurements of these voltage 
sensitive variable capacitors at frequen- 
cies above approximately 20 me, how- 
ever, it became apparent that some 
modification of the low frequency tech- 
niques would have to be employed since 
rhe coils used ar 50 me or above would 
have inductances below 0.1 microhen- 
ries, and rhe 0.003 microhenry residual 
inductance of the bridge would now 
start to introduce errors and have an in- 
creasingly greater influence on the ac- 
curacy of the measurements as smaller 
coils were used for range extension. 

As a matter of background informa- 
tion, it might be interesting to note that 
a solution to this situation was ap- 
proached in various ways. For example, 
an initial attempt was made to circum- 
vent the use of a coil entirely, by first 
using a series capacitor in the order of 
20 /xpi, measuring it both for its capa- 
citance and losses (including the jig), 
and converting these values to their 
series equivalents. By rhea adding the 
actual diode to be tested, similarly read- 


ing rhe entire circuit parameters and con- 
verting them to their series equivalent, 
an evaluation could be made of the 
diode by subtracting out the losses ex- 
ternal to it. However, after some exten- 
sive study and evaluation of this method, 
it was decided that while it would yield 
a realistic value of capacity in most 
cases, the conversion and determination 
of the equivalent series resistance of the 
diode was not satisfactory. 

Some thought was also given to the 
use of a quarter -wave- length Hne as a 
means of converting the capacitance of 
the diode to an inductive reactance, 
rhereby extending the range automatic- 
ally to an equivalent 100 /ip.f. However, 
this advanrage was gained at the expense 
of various disadvantages; namely, each 
quarter-wave-length line would be suit- 
able at only a given frequency, the 
values of resistance char couJd be meas- 



Figure 2. Calibration curve for C? dial when 
measuring capacitances. 
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figure 4. Typical family of curves for converting parallel resistance and capacitance to Q. 


ured in this manner were not high 
enough, and while this quarter -wave- 
length line, when coupled through a 
515-A adapter did eliminate the resi- 
dual inductance of the bridge, it did not 
help with the residuals that were added 
in the jig circuit at the other end of the 
cable. Some thought was also given to 
the use of a half-wave-length line but 
this was also discarded because of the 
frequency limitation and because it did 
not eliminate jig residuals. 

Wich the abandonment of the above 
approaches, it became apparent that an 
ideal method would be one that would 
take into account, not only the residual 
inductance in the 250-A RX Meter, but 
also the various strays and residuals pre- 
sented by the fixture or jig used with 
the diode capaciror. Figure 1 represents 
a cypical circuit used for this measure- 
menr. 

Essentially the method consists of 
using a coil having the necessary in- 
ductance to transpose the balance point 
of the bridge far enough to yield che de- 
sired capacitance, and then actually cali- 
brating the C p dial using various capaci- 
tors of predetermined values to obtain 
a correction curve to be used with the 
RX Meter at a given frequency. This 


curve is shown in Figure 2. Further, by 
using various values of capacitance in 
parallel with high quality resistors, 
whose resistance has been measured 
previously directly at the terminals of 
che RX Meter, at rhe calibration fre- 
quency, it is possible also to calibrate 
che R,, dial of the RX Meter to include 
the jig residuals. Such a calibration curve 
is shown in Figure 3. Using these cali- 
bration curves at a given frequency* it 
is now possible to measure the diode 
capacitor directly in the circuit as shown, 
and having the necessary calibration 
curves, the information is conveniently 
corrected to reflect the two parameters 
of the diode under test. From this in- 
formation and using the curve shown 
as Figure 4, it is now possible to scale 
off che Q of the device. If so desired, 
the equivalent series resistance can also 
be determined from the corrected values 
of parallel capacitance and parallel re- 
sistance. 

The author wishes to express his ap- 
preciation to Pacific Semiconductors, 
Inc., Culver City, California, for the in- 
vaJuable help and data tendered. 


Type 240-A Series Tube 
Modification 

Frequent replacement of (he 6AS7G 
regulator series tube on instruments 
received for repair, together wirh the 
fact that the plates of (his tube were 
observed to glow excessively during in- 
spection and resting operations at the 
factory, led co a quality control investi- 
gation of rhe Type 240-A Sweep Signal 
Generator power supply circuit. Tests 
revealed that due to circuit design 
changes and a change in the 5UdG rec- 
tifier tube furnished by our supplier, 
the 6AS7G series tube was being oper- 
ated under overload conditions. To cor- 
rect this condition, an additional regu- 
lator series tube with associated dropping 
resistors, has been incorporated into the 
240-A power supply circuit. 

Though the simplest circuit modif- 
ication would be to add another 6AS7G 
tube, rh is was not possible in che case 
of instruments already in production* 
because the power supply chassis layout 
would nor permit the addition of a 
6AS7G cube. For this reason, the 6AS7G 
series tube in these instruments has 
been replaced by two smaller - 6080 series 
rubes. In instruments produced in the 
future, however, the layour of che power 
supply chassis will be changed to ac- 
commodate two 6AS7G series rubes. A 
schematic diagram of the modified 
circuit is shown below. Components 
changed or added are identified in 
bold prinr. 



Section of Type 240-A Power Supply Schematic 


BRC WINS GOVERNOR'S 
SAFETY AWARD 

On June 3, Governor Robert B. 
Meyner of New Jersey presented a 
governor’s safety award to Boonton 
Radio Corporation for rhe remarkable 
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Governor Meyner Presents Governor's Safety Award to Dr. Downsbrough. 


record of accumulating more chan 
1,820,000 man hours of work without 
a disabling accident. The last disabling 
accident at the planr occurred on April 
15, 1952. 

The governor's award is the highest 
given irv a plant safety program spon- 
sored by ihe Bureau of Engineering and 
Safety of the New Jersey Department 
of Labor and Safety. Since the inception 
of the safety program nine years ago, 
only nine companies in the state have 
received this award. 

Presenting the award plaque co Dr. 
George A, Downsbrough, BRC pres- 
ident, the governor told employees; 

"i congratulate all of you on this 
achievement. Over the course of this 
safety program, I have been accustomed 


to seeing this foremosr of awards go, for 
the most part, to the giants among our 
industries. I am happy nr this evidence 
that safety conciousness is by no means 
restricted to our bigger corporations." 

Accepting the award, Dr. Downs- 
b rough told the employees that the 
company was proud of rh is excellent 
safety record and urged char (hey not 
rest on rheir laurels bur continue to be 
alert and safety conscious. On behalf 
of the employees, he presented the gov- 
ernor with an inscribed ashtray fash- 
ioned from a casring used on the Type 
202 Signal Generator. 

In a final note, the governor asked 
the employees to extend their good 
safety habits CO the road and co their 
homes. 


C. W. QUINN JOINS BRC 
FIELD ENGINEERING STAFF 

Charles W, “Chuck” Quinn joined 
BRC as Sales Engineer in March of this 
year. Beginning his association with the 
company at this time afforded "Chuck” 
the opportunity to serve in the BRC 
booth at the IRE show where he was 
able ro get first-hand information from 
our customers regarding (heir measure- 
ment problems. In more recent months, 
he has visited or otherwise been in 
touch with many of our customers along 
die east const from the Metropolitan 
New- York area south to the Metropol- 
itan Washington area. 


A native of New Jersey, "Chuck" 
served with the U.S. Navy from 1942 
until I94A. He was graduated from 
Purdue Uni versiry with a B>S. degree ia 
Electrical Engineering in 1947. After 
graduation he accepted a position with 
Collins Radio Co., Cedar Rapids, Iowa 
where he was engaged in the develop- 
ment of receivers, frequency synthe- 
sizers, and fm transmitting equipment. 

From October 1951 until he became 
associated wirh BRC, "Chuck" held en- 
gineering posts with Measurements Cor- 
poration, Boonron, N. J. During this 
time he gained additional experience in 
the development of noise meters, vac- 
uum tube voltmeters, signal generators, 


and pulse generators. 

Chucks" interests outside BRC lie 
in amateur radio ( W2MMK) and pho- 
tography. His more relaxing moments 
are spent in swimming and ice skating. 

Considering his years of experience 
in the electronic measurement field, 
"Chuck" promises co be a valuable ad- 
dition io the BRC engineering family. 



Charles W. Quinn 


If you are in the local area and have 
a measurement or applications problem, 
call or write "Chuck" at any time. Re- 
member coo, that BRC has Engineering 
Representatives throughout the U.S. A., 
in Canada, and overseas. A Telephone 
call or lecrer is all that is required ro 
pur them at your service. 


EDITOR'S NOTE 
Q Meter Contest Winner 

The Q of rhe problem coil displayed 
in the BRC exhibit at the IRE Show is 
193- Winner of rhe Q Meter, with an 
estimate of 193, is Mr. Arno M. King 
of the Naval Research Laboratory in 
Washington, D. C. 

In a letter co our General Manager, 
Mr. King confides chat his recent, al- 
most daily, use of the Q Meter prompted 
him to rule out such extreme estimates 
as 5 and 5 >000 but from there on it was 
strictly a guessing game. "I have no 
secret procedures to offer,” he writes, 
"and readily concede char only a very 
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large element of luck could have placed 
me within \0% of the exact value, let 
alone rhe \% tolerance which has been 
needed to win in the pas t." 

Anyone who viewed the coil at the 
show will bear Mr. King out on this 
point. Our engineers contrived a series 
of various size coils, connected in a 
bridge-type configuration, which all but 
defied anything bur educated guessing 
as to the value of Q. Yet, our of a total 
of 1200 entries, H persons, besides Mr. 
King, estimated within ±\% of the 
measured Q. These persons, whom we 
feel are deserving of honorable mention, 
are listed below: 

Estimate 

191 M. H. Brown, Rollan Electric Co. 
Chicago, 111. 

192 Art Ward, Livingston Electronics 
Essex Fells, N. J. 

192.5 R. Lafferty, The Daven Co. 
Livingston, N. J. 

192.7 C. R. Miller, Sperry Gyroscope 
Great Neck, N. Y. 

193 Arno M. King, Naval Research 
Laboratory 

Washington 25, D. C. 

195 Seymour S. West, Western Re- 
serve University 



Mr Arno M. King winner o/ the 
Q Merer context. 


Cleveland, Ohio 

L95 C. E. Young, Naval Research 
Laboratory 

Washington 25, D. C 
195 Tom Crystal, 316 St. Paul Si. 
Brookline, Mass. 

195 Nick Lazar> Corning Glass Works 
Bradford, Pa. 

195 S. Krevsky, USAS RDL 
BeLmar, N, J. 

195 Jerry Vogel, Marine Electric Corp. 
Brooklyn, N. Y. 


195 B. Bedoinn, ARM A Corp. 

Garden City, N. Y. 

The display coil was measured on a 
Type 26 OA Q Meter in the BRC 
standards laboratory by our Quality 
Control Engineer. Several measurements 
were made resulting in a computed 
average Q of 193 and a computed aver- 
age capaciiance of 352/i^f. 

Mr. King, our winner, was born in 
Cleveland, Ohio. He ai tended Wash- 
burn University in Topeka. Kansas in 
1939 then transferred to Bucknel) Uni- 
versity in Lewisburg, Pa., where he re- 
ceived a B. S. degree in !9d3. Following 
graduation, he was employed by the 
Naval Research Laboraiory, Washing- 
ton, D. C. where he has spent all of his 
professional career working on prob- 
lems associated with tracking radar. 
Currently, he is serving as Head of rhe 
Terminal Equipment Section of the 
Tracking Branch, Radar Division, In 
addition to being a member of the IRE, 
he holds memberships in Tau Beta Pi, 
Pi Mu Epsilon, Sigma Pi Sigma, and the 
Scientific Research Society of America. 

Our congratulations to Mr. King and 
sincere thanks to all of our friends who 
visited with us ar the show. 
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Technical Contributions of the BRC Notebook 

Discussed by Engineering Educator 
GEORGE B. HOADLEY, D. Sc. 

Electrical Engineering Department Head 
North Carolina Slate College 


As the Booaton Radio Corporation 
enters a new phase of its corporate ex- 
istence, it 1$ appropriate to pause and 
reflect — to view in retrospect rhe con- 
tributions of tbe BRC Notebook. We 
could just leaf through our file, stopping 
to read interesting articles, but in so 
doing, we mighc lose some basic mes- 
sages. So we shall tr y to review the con- 
tributions of the Notebook as a whole, 
drawing liberally on its writings, with- 
out many quotations, yet with references 
to Notebook articles so that the curious 
reader may expand his horizon, 

One of the primary requirements for 
a quality measurement is the combina- 
tion of a fine instrument and skillful 
operator. Instrument companies cry to 
achieve this combination when they sell 
an instrument, by supplying an instruc- 
tion manual. But rhis is usually not 
enough. Users must repearedjy be urged 
towards a full understanding of the 
instrument they are using and so die 
BRC Notebook was born to distribute 1 
to users and to as many other interested 
persons as possible, information of value 
on the theory and practice of radio 
frequency testing and measurement. In 
addition, as new techniques and applica- 
tions were developed, they have been 
brought to the readers, together with 
material about new instruments. 

Ir is easy to connect equipment to- 
gether and get meter readings or bal- 
ances, but to be certain these really 
mean something, the experimenter must 
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understand the circuit theory of bis 
equipment. As an example of this, con- 
sider the measurement of radio receiver 
characteristics, 2 We plan to use a signal 
generator to feed the radio receiver. The 
signal generator has dials and meters 
which indicate the microvolt output, bur 
we know that impedances must be right 
for these readings to be correct. Bur 
what is "right"? We look into die cat- 
alog^ specifications of our signal gen- 
erator, and under the heading "RF Out- 
put Voltage' 1 we find "the maximum 
open-circuit output voltage from tbe 
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To Our Many Friends; 

As we pause at tbe end el the first 
quarter century of aur operations as de- 
signer and manufacturer of electronic test 
equipment, we would first tike to express 
our sincere thanks to our c uslomers, aur 
employees, our suppliers, and our business 
associates through whose help and coopera- 
tion we have bean successful. As we took 
through our catalogs and back ksuei of 
The Notebook, we ore pleased and proud 
of the contributions Boonlan Radio has 
made to the electronic industry. 

However, as fine as those contributions 
may be, we ore not satisfied and we are 
starling the next quarter century with a 
very firm resolve and with plans to im- 
prove Boonton Radio's contribution to the 
electronic Industry , We have embarked on 
o program to enlarge and improve our 
engineering department In order that we 
will be able to supply all of our customers 
with on ever expanding and ever improv- 
ing line of instruments. We are planning to 
erect new plant facilities, which wlU be 
equipped with the most modem and up 
to dote machinery and tools thot we 
con procure- 

I can assure you that we at Bo onion 
Radio are going to give our very best 
efforts to doing an even better fob in fhe 
next 25 yeors and we earnestly solicit the 
continued cooperation of aur personnel, 
customers, and suppliers in reaching these 
ambitious goals. 



figure f. 7k evenin'* Theorem applied to 
signal generator use. 


G. A. Dow nsb rough 
President 
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BNC type RF output jack at the front 
panel is about 0 A volt. With the stand- 
ard output cable attached, the maximum 
calibrated output voltage at die cable 
terminals is 0.2 vole. When the RF 
monitor meter is set to the red calibra- 
tion line and the standard output cable 
is attached, the RF output attenuator 
is direct reading in microvolts and con- 
tinuously adjustable from 0.1 microvolt 
to 0.2 volt/' Under the heading “RF 
Output Impedances' 4 we find “the RF 
output impedance of the signal gen- 
erator as seen looking in at the BNC 
type front panel connector is 50 ohms 
resistive. With the standard output 
cable attached* the RF output imped- 
ance as seen looking in at the output 
cable terminals is 25 ohms resistive/' 

Now if we know our circuit theory, 
this is all very dear* and is very logical. 
Bnr if our knowledge of circuit theory 
is a knowledge of words rather than an 
understanding of ideas, we must do 
some studying* particularly of Thev- 
enin's theorem and transmission line 
theory. The veo in’s theorem states that 
a two- terminal network can be replaced 
by an emf in series with an impedance. 
l*hus in Fig. I (a), the emf 2E and the 
50- ohm resistor ioside the dotted rec- 
tangle represent a signal generator, as 
seen ac the output jack. In this diagram, 
a resistor of value 50 ohms has been 
connected across the output jack, and a 
very high impedance voltmeter is shown 
measuring a voltage E* which is just 
half of the Thevenin emf of the signal 
generator because the two 50-ohm re- 
sistors form a 2:1 voltage divider. The 
impedance at the terminals, as seen by 
the voltmeter is 25 ohms* which is the 
value of the two resistances in parallel* 
as shown in Fig. 1(b). Consequently* 
when the signal generator and the 50- 
ohm load are considered as a unit* the 
Thevenin circuit ar the terminals is as 
shown in Fig. 1(c). It is an emf E in 
series with a 25-ohm resistance. The 
open-circuit voltage is this emf* and is 


equal to the reading on the signal gen- 
erator dials. 

Sometimes we use a length of coaxial 
cable to connect the signal generator to 
the receiver under test. The heart of the 
problem is that this length of cable can 
approach and exceed % wavelength* 
and consequently has voltage and im- 
pedance transforming properties which 
might nullify [he calibration of the 
signal generator. To avoid this* we use 
a cable with a characteristic impedance 
equal ro the impedance looking back 
into (be output jack of the signal gen- 
erator* and then we load this cable with 
a resistor of this same value. The circuit 
is as shown in Fig. 1(d), When the 
Cable is Terminated in 50 ohms (the 
value of £,j) the input co the cable seen 
by the signal generator is 50 ohms so as 
far as rhe signal generator is concerned* 
rhe situarion is just like that in Fig. 
1(a). and the voltage input to the cable 
is E. If the cable is lossless, the voltage 
ar the 50-ohm load is also E. This is the 
emf of che equivalent Thevenin circuit 
of the whole combination viewed from 
the terminated end of the cable. This 
voltage is equal to rhe reading of the 
signal generator dials, as die specifica- 
tion stared. The impedance of rhe Thev- 


enio circuit is 25 ohms, just as che spec- 
ifications stated* because from rhe term- 
inals we see 50 ohms in parallel wirh 
the cable* which in itself looks like 50 
ohms as it is a 50-Ohm cable terminated 
at the signal generator end with che 50- 
ohm Thevenin impedance of rhe signal 
generator itself. 

To truly test a receiver* the receiver 
must be fed from an emf of a known 
number of microvolts in series with an 
impedance equal to the impedance of 
rhe antenna co be used with the receiver. 
The signal generator supplies the 
known emf and resistance. If this re- 
sistance is different from the antenna 
impedance* an extra series impedance* 
often called a dummy antenna* must be 
used. 

"To appreciate the logic leading to 
this choice let us consider the source of 
energy from which the combined system 
of the antenna and receiver is driven, 
Electromagnetic energy flowing in free 
space encounters a conductor and ex- 
cites in it a voltage which acts in series 
wirh the antenna radiation resistance. 
Like the open-circuit elect romot ivef or ce 
of a battery this voltage is available to 
us only in series with the internal im- 
pedance of the power source itself. The 


TABLE 1 


Sweep 

Method 

Advantages 

Disadvantages 

Mechanical 

Devices 

High Q at all frequencies. 

High output possible (with- 
out. buffer fitagre) . 

Microphonism causing 
frequency jitter. 

Non-linear sweep. 


Workable over wide ranee of 
output frequencies. 

Mechanical main l^nancc 
problems. 


Wide sweep ranjie. 


Reactance 

Tube 

Good stability and accuracy. 
Non-mierophonic. 

Linear sweep. 

Limited to narrow sweep at 

low frequencies. 

Saturable 

Reactor 

Wide sweep range. 

Good stability and accuracy. 
Non-*oicropbon!c. 

Linear sweep. 

Low 0 at hlgrh frequencies. 

Susceptablg to AC magnetic 
fields. 

Hysteresis effects. 

Klystron 

Beat 

Method 

Wide sweep ranjjc. 

Workable ovey wide ran ire of 
output frequencies. 

Linear arweep. 

Nort-mfcrophonlc. 

Frequency jitter. 

Low output. 

Pool- n ecu racy at low freqs.. 

Ferroelectric 

Capacitor 

Noo-mlcrophooic. 

Excessive temperature Coeff. 

Linear awoep. 

Low <J. 



Hysteresis effects. 


Figure 2. Advantages and disadvantages o 1 various means for frequency sweeping. 
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variation of this impedance with fre- 
quency may require a series- parallel 
combination of R, L, and C in the 
dummy antenna. Part or all of it may 
be contained in the signal generator 
output impedance/ 2 

So far, we have treated the signaJ 
generator in terms of its equivalent 
Thevenin circuir, without much regard 
for the design of rhe equipment itself. 
From the user's point of view, this is 
wonderful if he can be sure of ic! Just 
how Boonron Radio Corporation goes 
about making ao instrument of which 
the user can be sure is an educarion 
in itself. 

Firsr there is electrical design. Take 
the matter of choosing a method of 
generating broad -band frequency devia- 
tions. All the known methods are 
Studied and their advantages and dis- 
advantages are determined and listed, as 
in Fig. 2. Then a method is chosen from 
this listing, For the type 240-A, the 
saturable reactor was selected. 4 

Then there is mechanical design* 
often overlooked by one steeped in cir- 
cuitry. "From the moment rhe mechan- 
ical design of an instrument begins, a 
myriad of other considerations arise to 
confront wbar might otherwise seem a 
straightforward piece of electronic e- 
quipment. The mechanical designer 
must consider the electronic require- 
ments of the development and project 
engineers, the functional and saleable 
appearance, weight and price insisted 
upon by Sales, and the mechanical ur- 
gencies of simple, rigid designs and 
drives using rhe proper materials. In 
addition rhe Shop must be allowed 
reasonable tolerances widiin the limit- 
ations of available processes and equip- 
ment, Assembly should have units 
adapted to smooth work flow, and In- 
spection (and the user! ) needs easy 
accessible adjustments. Among many 
other factors are Purchasing's and Ac- 
countings hopes that standard pares will 
be used, and Shipping’s plea for enough 
unobstructed cabinet area to allow 
proper bracing in the packaging/’ 5 

The solution of an electro -mechanical 
design problem is shown in Fig. 3 This 
is the internal resonating capacitor 
which is "rhe heart of the Q Meter, and 
is an excellent example of the interde- 
pendence of mechanical and electrical 
design. Taking rhe 190- A Q unit as an 
example* rhe electronic requirements 
are low minimum capacitance, cogether 
with low and constant values of induct- 
ance and resistance all of which are 




COUNT tR DIAL 
VERNIER DIAL 


CEflXMlC 

STATOR SUPPORT 


figure a. 7h& 1 90- A capacitor to has the problem of rigidity, low capacitance, 
and constant inductance. 


difficult to attain in conventional de- 
signs. Mechanically [he design must be 
extremely rigid to assure coostant and 
accurate re-secability. The massive struc- 
ture ordinarily needed to attain che last- 
named end is in direct opposition to the 
minimum capacity requirement. 

"The stator is mounted by means of 
rwo rods soldered into the metallised 
slots of a high quality ceramic support. 
Insofar as possible it floats in air di- 
electric. In addition, the rotor travel is 
resrricted to less than 180°, with rhe in- 
cluded angle of the stator reduced by a 
proportionate amount to result in the 
Largest passible angular gap between 
the two ar the minimum setting. By 
these means the capacity at minimum 
was limited to the lowest value compat- 
ible wirh sufficient mechanical strength. 

"Low and consranr inductance be 
rween the stator plates is achieved by 
milling out a solid bar to leave only the 
Outer shell and the plates* solidly con- 
nected with each other along dieir en- 
tire peripheries. A secondary result of 
rhis method is the 'built-in' shielding the 
shell provides from extraneous fields. 

'The tandem edge wipers, contacting 


Irf volt me 1 c r 
k’.-LlBHAieo iisTE 

ith 


*°a A.'(‘ .4^iTV~V 


N V ^ T . 

!_r« r i '.Iih 
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sonj t resistor J ^caslcJ 


Figaro 4 . Schematic diagram of the RF 
attenuator and voJfmet&r in Type 245 , 


all rhe rotor blades in parallel, serve to 
reduce the associated inductance and 
resistance to a very low and nearly con- 
stant value and are rhodium plated to 
provide good wearing qualities. 

"Where other considerations do not 
enter, rigidity is attained in the com- 
plete unit by mounting ail the parts on 
a rigid cast frame. All shafts are carried 
on preloaded ball bearings.’’ 5 

Another electro -mechanical design is 
the attenuator system in the Type 245 
RF voltage standard. As shown in Figs. 
4 and 5, a disc resistor of very low 
value, 0.0024 ohm, is mounted acorss 
a tube, and two 50-ohm resistors are 
mounted as central conductors of a co- 
axial cable, one on each side of che disc. 
Study 6 - 7 * 8 of the circuit theory involved 
is again based largely on Thevenin s 
theorem, but the physical arrangement 
is what assures us that no leakage volt- 
age gets into the output system. 

In addition to ibis attenuator* the 
Type 245 voltage standard or Signal 
Generator Calibrator con rains a transis- 
torized diode voltmeter calibrated ar 
0.025, 0.05 and 0.1 volt, rf. This volt- 
meter is connected across the input of 
the attenuator, where the impedance is 
essentially 50 ohms, regardless of the 
output termination because rhe attenu- 
ation of the unit is so high (2500:1 
for type 245-C or 25,000:1 for type 
245 -E>) that the reflection of the out- 
put back into rhe input is negligible. 
Consequently, this unit can be used to 
check the output of a signal generator 
into a 50-ohm load at the three voleages 
mentioned above. It can also be used to 
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AtTENOATOR TERMINATED OUTPUT 

CABLE 


Figure 5. Cutaway view of th e actual attenuator in the Type 2*5. 


provide a standard low-level signal in 
the microvolt range by using the output 
of the attenuator when the input volt- 
age is on one of the calibration marks. 
In addition, the input voltmeter is 
equipped with a demodulating system 
so it can be used to measure the percent 
amplitude modulation. 

A good understanding of the nature 
and theory of the quantity to be meas- 
ured is most important in the making 
of good measurements. In recent years, 
measurements of the sensitivity of noise- 
limited receivers has attracted consider- 
able attention, and a body of knowledge 
and experimental techniques have grown 
up. 9 In order to make adequate measure- 
ments, one must understand rhe statists 
cal nature of the noise. For example, a 
knowledge of the ratio of noise peaks 
to noise rms value is important so that 
the equipment can be operated with 
rhese peaks still in the linear region of 
the receiver. Without this information, 
completely incorrect results are possible. 
Moreover, results obtained by one rype 
of measurement, while correct in them- 
selves, may nor be of much value io a 
situation not well simulated by the 
measurement. A thorough understand- 
ing of the theoretical basis of the meas- 
urement and the use to which the re- 
sults are to be put is of highest im- 
portance. 

This idea that the experimenter should 
uhderstand has been a keynote in many 
of the theoretical Notebook articles. 
One "blind spot" of many engineers 
was tackled in the beginning with a 
study of the many faces of Q. 10 This 
quantity may be defined basically as the 


ratio of the total energy stored in a 
resonant circuit to the average energy 
dissipated in the circuit per radian. Such 
a definition implies that the circuit is in 
resonance, for if it were not, the scored 
energy would not be constant. This 
means that the net reactance of the cir- 
cuit is zero, and yet many engineers will 
define Q as X/R. Such a definition can 
be derived from the basic one only with 
three assumptions. These are (1) that 
the circuit is a series circuit; (2) that 
the X is either the inducrive reactance 
or the capacitive reactance, but not the 
total; and (3) that the capacitance is 
lossless unless its losses are included in 
the R. 

The theory of the Q Meter has been 
described in many places. 10 The circuit 
(Fig. 6a) is a series RLC circuit coupled 
to a source of radio frequency current 
by means of a very small resistance r 
(0.02 ohms in the type 260-A), with 
a high- impedance vacuum-tube voltmeter 
connected across the adjustable air cap- 
acitor. The inductance is in the coil to 
be measured. With the frequency and 
current values held constant, the cap- 
acitor setting is changed until the volt- 
meter indicates the re sonant rise . TJi e 
maximum voltage is J 1 + Q 2 times 
the voltage obtained by multiplying the 
coupling resistance by the input cur- 
rent. Consequently, with a known value 
of current, the voltmeter can be cali- 
brated in rerms of Q, and of course if 
Q is large, the vo/cage is proportional 
to Q. 

Curiously enough, the mathematical 
treatment of rhe Q Meter circuit is 
most easily handled by coo verting k to 


the equivalent parallel circuit shown in 
Fig. 6(b). This is done by applying 
Norton's theorem, which is the dual of 
Thevenirfs theorem. The results are: 


R 

A r 

A 

(2) 

Q 

R a -t-*> 2 L 2 

A 1 

R + jo>L 

— jaiL 

IBI 


jB - 

Q - — = 

— 

R s -j-cj s L 2 

G 

R 


In rhis, A i is a current source, giving 
the same current regardless of the load. 

If we vary the capacitance in the cir- 
cuit, maximum voltage across the cap- 
acitor occurs when rhe net su see prance 
is zero. Thus the value of the maximum 
voltage across the capacitor, is given by 
dividing the magnitude of Ai by G fj . 
When we do this, we get 


V c (Max. Magnitude) = A r J 1 + Q* 

(3) 




(b) 


Figure 6. The circuit at the Q Mdf&r and an 
equivalent parallel circuit For analysis. 
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which is exactly what was obtained in 
the series circuit analysis. 

The relative ease with which we ob- 
tained results by using the circuit of 
Fig. 6(b) leads us to explore the paral- 
lel circuit ideas further. 11 Suppose we 
consider the coil, which should be of 
high Q, as a M work coil". We adjust the 
Q Meter and record our readings as 
Qn and C 0 . Using the above ideas we get 

Go — tuQ/Qo and B 0 — — o)C 0 . 14) 

Norice that these include all losses and 
energy storage in the system, including 
dbe vacuum-tube voltmeter! 

Now place an unknown in parallel 
with the dapacicance, readjust rhe Q 
Meter and record rhe readings as Q t 
and Ci. Again we calculate 

Gi — 0C1/Q1 and Eh — — cuCi ( 5 ) 

But Gi, the new conductaoce is 
simply the sum of Go and the conduct- 
ance G* of the unknown Abo, Bi is 
the sum of Bo and the susceptance B* 
of the unknown. So we can write 



connection, but is a combination of 
both, with some capacitance thrown in 
for good measure. 1 ^ The source of the 
series resistance is the wire of which 
the coil is wound and rhe sources of 
rhe parallel resistance axe eddy currents 
io shields, core loss in magnetic mate- 
rials, and dielectric loss in insulating 
materials (which is rhe easiest to re- 
duce to the vaoishing point). The 
parallel resistance in an actual coil be- 
comes predominant if rhe frequency is 
carried high enough, so rhe Q of every 
coil will reach a maximum at some fre- 
quency, (where series and parailel losses 
are equal), and will decrease as the 
frequency is raised above this value. 
At any single frequency, however, we 
can consider the loss as being ail in 
series resistance or as being all in shunt 
resistance. We cannot properly divide 
the loss between the two unless we 
know the behavior of the coil as a 
function of frequency. 

Parallel equivalences are particularly 
valuable in many bridge circuits and 
circuits derived therefrom. One reason 
is that stray capacitances are most easily 
treated by such means- Another is that 
certain circuits just naturally give ad- 
mittances rather than impedances. Con- 
sider the general impedance bridge in 
Fig. 7(a). The balance equation is 


B* — B] — Bo — co (Gi — Cl). (7) 

From these we can get rhe equivalent 
parallel resistance and reactance of the 
unknown as simple reciprocals, thus 

l —1 

Rux — — and Xp* = . ( 8 ) 

G x B* 


If we want the equivalent series resist- 
ance aod reactance we write 

G x 

Rsy ~ 

G J£ 2 +B Jc 2 

and (9) 

-B x 

X s * = 


The whole idea 12 that an unknown 
impedance or admittance can be looked 
on as either an R s and X s in series or 
as an R p and X D in parallel may be new 
to some readers. Actually no coil is 
really a series connection or a parallel 


2* O0> 

If we solve for 1/Z 4 , we gee 

1 2* 

— = V 4 = (U) 

Z 4 Z v 2a 

If we use Zi and Z$ as fixed compo- 
nent rhe values of che components of 
Y.i, which are G 4 and B 4 , can be found 
in terms of die series components of 
Z 2 . If we apply this idea to the Schering 
bridge circuit of Fig. 7(b), we have 

jfc>C v / 1 \ 

G 4 + jB 4 = (R, + ) (12) 

R3 \ icjCj 

If B 4 is a capacitance, then we have 

Ci R-> 

G 4 — and Cj = Ci — . (13) 

R<jCi R* 

The RX Meter uses a modification 
of this circuit with a special balanced 
transformer so that che two sides of the 


bridge can be supplied with equal volt- 
ages 180 degrees out of phase with each 
other, as b shown in Fig. 8. The re- 
sult 14 of this is that the detector can be 
operated with one side grounded and 
with the or her side coupled to the usual 
bridge detector points by a pair of small 
capacitors. The balance equations arc 
identical wirb chose for the bridge. 

This circuit can be used in a manner 
similar to the way we used the Q Meter 
for parallel measurements. We balance 
rhe circuit with nothing connected 




(b) 


figure 7. The basic rmpederned bridge circuff 
and the Sphering bridge circuit. 


across the ’Test" terminals. Then we 
read ch evaiues of C> and C 4 . Let us 
call these C>o and C 40 . We have balance 
equations as follows 

C, 

G 4 o — 

R- 

and B 4 = ojC.ii, — ti)Ci — . ( 14 ) 

R* 

Now we connect an unknown ad- 
mittance G x + jB x in parallel with the 
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elemenr s already In arm 4 , and we re- 
balance the circuit. The new readings 
of Co and C 4 we will call Cai and C n - 
This time ihe balance equations become 
C, 

G 4 i = (15) 

R-aQfj 

and B 4 — cuOti -\- B x — tuCiRo/^-s 

( 16 ) 

The first of these is a new one, but the 
second simply indicates that the total 
B in arm 4 is still the same. Drawing 
on this face, we can wrire 

B y = w(Q„ — QO- (17) 

Since the value G 4 i is the sum of 

G 4 n and G x , we can write 

c ' i 1 lN i 

Gy = G41 G 4 (J = ' I 

Rji IC21 

08 ) 

The value of G s is determined by the 
values of from two balances and the 
values of Ci and R«. If these latter terms 
are known, the values of C^o can be 
marked as zero G and the scale of Ci> 
can be calibrated in mhos 0/ conduct- 
ance. Alternately, the scale of Co can be 
calibrated in terms of parallel resistance 
in ohms. Then the zero point of G be- 
comes the infinity point of R, v This is 
done in the RX Merer. 

The value of B of the unknown in- 
volves Only the value of angular fre- 
quency; o>, and rhe values of two capa- 
citor settings. The value C 4 o can be 
marked as zero, and the scale can be cal- 
ibrated in capacitance values above and 
below this zero. Then the C 4 dial reads 
the value of parallel capacitance which 
has a suscep ranee equal to the suscept- 
ance of the unknown. Thus the positive 
range of the C t , dial is the region of 
actual capacitance below the value of 
C40- The negative range of the C n dial 
indicates that the unknown is inductive. 

The induenve range of the RX Meter 
can be extended to higher vajues of B, 
corresponding to lower values of L, by 
adding known capacitors in parallel 
with the unknown. Ocher methods of 
extending the range of measurements 
are also known, 15 and all of them de- 
pend on the experimenter s knowledge 
of the mathematics of electric circuits 
for their usefulness. 

Transmission line parameters can be 
found from measurements made on the 
RX Meter. 16 Application of the circuit 
theory of transmission lines leads to 
measurement procedures which enable 
impedances ar a distance from the ter- 



Figure 8. Bosic circuit of the RX Meter. 


minals of the RX Meter to be deter- 
mined. 17 

In the area of transistor parameter 
measurements, circuit theory and meas- 
urement technique reach one of their 
finest meetings. From the circuit theory 
viewpoint, the problem is to find ex- 
pressions for transfer parameters in 
terms of two-terminal impedances or 
admittances. From the measurement 
technique side, the problem is to meas- 
ure the desired impedances or admit- 
tances with proper bias currents sup- 
plied to the transistor. The RX Merer 
is ideally suited for this, because it can 
carry fifry milliamperes direct current 
applied at the unknown terminals. With 
appropriate jigs to hold the transistor 
and supply adequate biasing, the meas- 
urements can be quickly made. 18 

The details on aLl of these things have 
been brought to the reader of the BRC 
Notebook. The presentations have been 
Challenging and have encouraged many 
of us to delve into new theoretical points 
and experimental procedures. We, the 
readers of the Notbook are the richer 
for this, and we look forward to future 
issues of die Notebook with great ex- 
pectations. Truly the well designed ni- 
strumeot and the skillful user produce 
remarkably useful results. 
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The Evolution of the BRC Q Meter 

LAWRENCE O. COOK, Quality Control Engineer 



Q is defined as 2^ tiroes the ratio of 
energy stored to the energy dissipated 
per cycle. 1 - 2 In eiecrronics, die concept 
of Q is commonly used to designate the 
ratio of series reactance to series resist- 
ance of a coil (Q = 2^ fL/R) or of a 
capacitor (Q— While these 
and other relationships involving Q 
have been used in radio and electrical 
engineering for a great many years, the 
expression Q and its numerical value 
did nor come into popular usage until 
early in the 1930s, during the time 
when the broadcast receiver industry 
was growing at a fast pace and a rapid 
means for measuring Q was sorely 
needed. Seeking to fulfill this need, the 
founders of Boon ton Radio Corporation 
demo ns eta ted the first Q Merer at the 
IRE Meeting in Rochester, N. Y. late 
in 1934. 

Fundamental Q Meter Circuit 

The early model Q Meter employed 
the "voltage step-up" (a bo known as 
"resonance rise") method of Q measure- 
ment still used in current models. A 
simplified schema ric of the fundamental 
circuit is shown in Figure l. The Q of 
a resonant circuit* comprising a capac- 
itor (C<, ) contained in the Q Meter and 
an external coil (L x ), is measured by 
impressing a known voltage (El) in 
series in the circuit and measuring the 
voltage (E t ,) across che capacitor when 
the circuit is resonated to the frequency 
of rhe impressed voltage. Q of the cir- 
cuit is che ratio E £1 /El, Wjch E] known, 
the voltmeter (£<,) may be calibrated 
directly in Q and, because the circuit 
losses occur mostly in che coil, rhe Q 
indication obtained closely represents 
rhe Q of rhe coil. By inserting low 
impedances in series with rhe coil or 
high impedances in parallel with rhe 
capacitor, the constants of unknown 
circuits or components may be measured 
io terms of their effect on che original 
circuit Q and tuning capacitance. 

Basic Design Problems 

Though the fundamental Q measure- 
ment method jusc described is extremely 
simple, the achievement of accurate re- 
sults over a wide range of frequencies 
requires the solution of several basic 


R> Q circuit injeclion resistor 
(100-A and I60-A, 0.04 oh m ; 

260- A, 0.02 ohm) 

L; Self Inductance of Ri 

Ei Injection voltage ond meter for some 

Cit Stray capacitive coupling 

L> Stray Inductive coupling 

L. Coil under test 


problems. 

1. The injection voltage system must 
be frequency insensitive. 

2. Stray coupling occurring between 
the oscillator (including die injection 
system) and the Q measuring circuit 
must be reduced to a negligible value. 

3. The Q measuring circuit residual 
inductance and series and shunt resis- 
tive losses must be minimized. Included 
are input circuit losses in the VTVM 
which measures the voltage across the 
resonating capacicor. 

4. The oscillator waveform must be 
relatively free of harmonics. 

These factors have been strenuously 
dealt with in Q Meter design and, over 
a period of many years, couch progress 
has been made which benefits the user 
in terms of improved accuracy. Some of 
the results of this progress, in che LF 
and lower VHF range of frequencies, 
will be shown in the remaining para- 
graphs which trace the development of 
the Q Meter from the first model 


C q Calibrated internal resonating tapatitar 
L e O circuit rejIduoJ inductance 
(100-A, 0.08 ph, 160-A 

and 260- A, 0.015 ph) 

Rvc Q circuit residual series resistance 
Rdi Q circuit residual shunl resistance 
Eq Q vacuum lube voltmeter 
HI — LO Exlernal Coil terminals 
Hi — GN0 External capacitor terminals 


marketed, the Type 100-A, to a model 
currendy in production^ che Type 260-A, 

Type 100-A Q Meter 

The Type 100-A Q Meter was the 
first model to be sold (in early 1935) 
and is readily recognized because of its 
45° panel slope. 

A Type 45 tube operated in a runed- 
grid oscillator circuit having tickler 
feedback. Turret se lea ion of 7 calib- 
rated frequency ranges provided a total 
range of 50 kc to 50 me, the entire 
oscillator assembly being shielded to 
provide isolation from rhe Q measuring 
circuit. 

The oscillator output current, con- 
trolled by adjustment of rhe dc plate 
voltage, was fed through a coaxial cable 
to a thermocouple and then through a 
0.04-ohm "voltage injection resistor". 
Tbis resistor, a closely shielded resist- 
ance strip, provided a low value of self 
inductance so that the voltage drop 
developed across the resistor was rela- 


F/gure 1. Q Meter Fundamental Circuit — including Residuak 
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tively independent of frequency* The 
thermocouple operated a 3 -inch dc 
meter which was calibrated at: two Q 
range settings in terms of the voltage 
developed across the resistor at dc and 
at low frequencies. 

The Q measuring circuit included a 
single -section, receiver-type capacitor 
having aluminum plates which provided 
a calibrated capacitance range of 37 to 
460 /jL/xf. Impregnated mica insulation 
was employed in the capacitor for Jow 
loss purposes, each mica insulator being 
tested under conditions of 90% relative 
humidity. The vernier capacitor was in 
a separate frame and employed similar 
insulation. 

External terminals for connection of 
rhe coils and capacitors to be rested were 
of the commercial, nickel-plated type 
mounted on impregnated mica insulators. 

The Q voltmeter circuit employed a 
rriode rube operating as a form of "plate 
rectifier" with provision for zero bal- 
ance of the cathode current meter. The 
Type 2A 6 tubes were individually se- 
lected in the operating circuit for high 
input resistance at rf, normal inpuc 
capacitance, Jow direct grid current, and 
normal rectified dc output versus ac 
signal voltage. The 3- inch meter was 
calibrated in rwo ranges of circuir Q 
(0 to 250 and 0 to 500) in addition to 
signal volts. The VTVM grid return 
resistor ( 100 megohms ac dc) was 0 / 
a design chosen for high effective re- 
sistance at rf. 

The Q Merer power supply was of 

the unregulated type commonly used at 


that time. 

Performance of this insnrurneQc, for 
the Q measurement of inductors and 
capacitors, was generally satisfactory ac 
frequencies up to 10 me, as shown in 
Figure 2. For increasing frequencies 
(i.e., above 10 me) the accuracy grad- 
ually worsened because of the effects of 
injection resistor inductance, stray coup- 
ling between the thermocouple system 
and the Q measuring circuit, and Q 
measuring circuit residual inductance 
and residual resistance. 

Type 160~A Q Meter 

Increased use of higher frequencies 


in the communications field created a 
need for improved Q Meter accuracy at 
rhese higher frequencies. To meet this 
need, a new model, rhe Type 160-A Q 
Meter, was developed and introduced in 
1939, superseding rhe Type 100- A. In 
addition to greatly improved accuracy, 
this model had a 15° panel slope and a 
considerably different appearance. 

The oscillator was essentially the same 
as used in the Type 100- A instrument 
except that an eighth frequency range 
(50 to 75 me) was added. Mechanical 
reliability of the shielding was also 
improved. 

The injection system provided a com- 
pletely shielded thermocouple with the 
injection resistor being included in the 
same shielded assembly. Stray coupling 
co the Q measuring circuit was thus 
greatly reduced* Additional division lines 
on the "Multiply Q By” meter scale 
plate provided a wider (20 to 625) 
range of circuit Q measurements and 
improved accuracy. 

The Q measuring circuit resoaaring 
capacitor, calibrated range 30 to 460 
fxpl ) was of a design especially developed 
co provide low residual inductance and 
resistance for this purpose. Main and 
vernier capacitor sections were included 
in a single frame to avoid rhe induct- 
ance of a connecting lead. The main 
rotor and stator were split into rwo 
equal sections, rhe rotor being 'center 
fed"; i.e., to provide a shortened current 
parh, the rotor was grounded by fingers 
contacn ng a disk located on the shaft 
midway between the two seccioos. Rotor 
and stator plates fabricated of copper 
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provided lowered rf resistance as com- 
pared to the aluminum material for- 
merly used. (See Figure 3) The stator 
insulators 0 / this capacitor were at first 
of impregnated mica, but a subsequent 
design modification substituted pyrex 
glass bails for improved electrical re- 
liability. 

External terminals (Figure I) were 
of gold-placed copper ro provide high 
conductivity. To permit shortened in- 
ternal leads the panel slope was changed 
from 45° to 13° and the external ter- 
minals were mounted integrally with the 
capacitor. The residual inductance of 
this unit, measured at the COIL termi- 
nals, was 0.013 ph y a considerable reduc- 
tion from the Type 100-A inductance 
of 0.08 fjih. 

For improved readability, a 4-inch 
meter was used in the Q-VTVM. The 
merer was critically damped ro eliminate 
the pointer over -swings found in the 
Type 100-A. The power supply was of 
the conventional unregulated type. 

While the Type 160-A instalment 
achieved a wide usage in the electronic 
field and offered greatly improved ac- 
curacy at the higher frequencies over 
its predecessor the Type 100-A (Fig- 
ure 2), its accuracy at frequencies above 
30 me was limited and the thermocouple 
factor of safety was low. 

Type 260-A Q Meter 

Progress in the electronic and instru- 
ment art indicated that a revised Q 
Meter of refined design and improved 
accuracy was needed. To meet this need, 
the Type 260-A Q Meter, superseding 
the Type 160-A, was developed in 1953 
and is sail being produced. This model 
is similar in shape and size to the Type 
160-A but is recogoizable by its re- 
cessed dials. 

An oscillator of complete redesign 
employs a modern rube and modem 
components. The circuit is designed for 
low harmonic content. Output current 
control is in the low wattage screen 
grid circuit. Turret selection of eighr 
calibrated frequeocy ranges provides a 
total coverage of 50 kc to 50 me. 

The thermocouple and ' Multiply Q 
By" meter circuit have been redesigned 
for a lower thermocouple operating 
temperature and consequent greater 
safety factor. Thorough shielding is em- 
ployed and a 4-inch meter with mirror 
scale provides greater accuracy of set- 
ting the injection voltage. 

The injection voltage resistor is a 
0.02 -ohm annular type providing es- 


sentially noninduccive performance at 
frequencies as high as 50 me, a wel- 
come change from the inductive volt- 
age rise experienced with the shielded 
resistance scrip type of resistor used in 
Q Meters Type 100-A and Type 160-A. 
Figure 4 plots the error in die Type 
160-A largely attributable to rhis cause. 
The error in the 260-A is negligible. 
The lowered resistance value of 0.02 
ohms in the Type 260-A versus 0.04 
ohms in the Types 100-A and 160-A 
(this resistor being in series with rhe 
Q measuring circuit) raises che meas- 
ured circuit Q by as much as 15% at 
the higher frequencies^. Thus the cir- 
cuit Q and the coil Q are brought into 
closer agreement. 

The resonating capacitor (calibrated 
for a range of 30 to 460 ft/xf) is of the 
same design as was employed in the 


later 160-A 's except that che external 
terminals are supported on a teflon in- 
sulator for improved uniformity* 
strength, and reliability. The direct read- 
ing capad ranee scale is supplemented 
by a direct reading inductance scale for 
use at specified frequencies. 

In addition to the usual main Q scale 
(40 to 250), che Q indicating meter 
provides a low Q scale (10 to 60 ) and a 
AQ scale (0 to 50). These direct read- 
ing scales, when used in conjunction 
with the ''Multiply Q By" meter (range 
XL.O to X2.5) provide a circuit Q 
measurement range of 10 to 625. Each 
meter employs a mirror scale for the 
elimination of parallax error. 

The power supply voltages axe reg- 
ulated by a voltage stabilizing trans- 
former and "glow cubes", thus provid- 


ITEM 

100-A O METER 

260-A Q METER 

O?cillo1or Harmonic 

High at s-Ome frequently*, caus- 

Low at all frequencies, neglig- 

Content 

log Q Indication error. 

Ible Q error. 

Oscillator Output 
Thermocouple 

(A) Overload factor 

(B) Shielding 



(A) Small, susceptible to burnout, 
(ft) Poor, cooling Q indication 
error. 

{A) Large, burnout rare. 

(B) Good, negligible Q indleallon 
error. 

Infection Vo llage 

Inductance cause* Q Indication 

Inductive effect negllgihlej low- 
ered resistance volue Improves 
circuit Q. 

Resistor 

error at higher frequencies. 

Aeeonoting Capacitor 

Receiver type with aluminum 

Specially designed, silver plated 

(G Measuring Circuit) 

plate*, vernier separate, external 
COIL and COND terminals sep- 
arately mounled, impregnated 
mica Insulation, 

copper plates, rotor current 
cenler-fed, vernier In same 
frame, external COIL and CAP 
term 1 nol* integrally mounted, 
teflon and pyrex insulation, res- 
idual Inductance and resistance 
greatly reduced. 

Circuit Q Measurement 
Range 

10-500 

10-625; includes low Q ftonge 
and A Q range far better 
accuracy. 

Meters 

3 Inch 

■* Inch, mirror scale. 

Rower Supply 

Unregolored 

Regulated; meter indications 
stabilised ogainsi line voltage 
fluctuations. 


FJgure 5. Hi'gJiJJg/Ut of 0 Meter Oeiigrr B'tHerencei 
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ing stability of meter indications in 
the presence of power line voltage 
fluctuations. 

Figure 5 offers a quick review of the 
design highlights which contribute to 
the improved performance of the Type 
260-A Q Meter. Note that the Q indica- 
tion accuracy specification now extends 
upward ro include the full frequency 
range of 50 kc to 50 me (Figure 2). 

Accessory Inductors 

The Type 103 -A Inductor has long 
been available as a "work coLT for use 
in Q Meter measurement of capacitors 
and other components. The more re- 
cently introduced Types 5L3-A and 
518-A Q Standards provide a ready 
means for the user to check the accuracy 


of his Q Meter, thus assuring instrument 
accuracy at the time of Q measurement. 

Conclusion 

Twenry-fivc years of electronic en- 
gineering effort has brought forth many 
advancements in the electronic field. 
We believe that Q Meter design has 
kept pace in terms of improved accuracy 
of measurement, improved reliability, 
and improved stability of operation. 
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Boonton Radio Corp« Merges 
With Hewlett-Packard Co. 


Boonton Radio Corporation recently 
became che newest member of the Hew- 
lett-Packard Co. family of Palo Alco, Cal- 
ifornia as a wholly -owned subsidiary and 
joined other companies operating under 
similar status including: F. L. Mosely 
Co., Pasadena, Calrforni^makers of strip 
chart and X-Y recorders; Palo AJto En- 
gineering Co. of Palo AJto, manufac- 
turers of transformers, potentiometers, 
and other components; and Dymec, Inc, 
of Palo Alto, now a division of H-P, 
manufacturers of precision electronic 
measuring equipment and systems, 

Announcing che arrangement be- 
tween the two companies, Dr. George 
A. Downsbrough, President of BRC, 
emphasized that BRC would continue 
to operate as a separate company with 
no changes in either management or 
personnel contemplated. He stated that 
plans for a new plant, which were 
underway prior to the merger, would 
be accelerated. These remarks were 
echoed by Messrs. Hewlett and Packard 
who visited BRC co personally welcome 
BRC into che H-P fold. 

BRC is looking forward to expanding 
its line and development activities 
through the use of H-P development of 
components and dose liaison wirh their 
development activities. 


From a humble beginning in 1939, 
che Hew len -Packard Co. has grown ro 
be one of the largest manufacturers of 
electronic test equipment in the world. 
The company produces more chan 300 
different instrument types, including 
oscillators, voltmeters, signal generators, 
waveform analyzers, microwave and 
waveguide test instruments, and oscil- 
loscopes. These produces are sold to 
more than 3000 business organizations 
throughout the world, with the govern- 
ment, through its various agencies, con- 
stituting one of che largest single users 
of H-P equipment. 

In addition to its expansion in this 
country, Hewlett-Packard has established 
subsidiaries in Germany and Switzer- 
land. The Stuttgart, Germany plant is 
due to begin production of H-P insmi- 
roenrs for che Continental market early 
next year. This plant will be the manu- 
facturing outlet of the company’s 
wholly-owned Swiss sales organization 
which was set up last January. 

Boonton Radio Corporation is proud 
to be a member of the progressive Hew- 
lett-Packard family and is looking for- 
ward to expanding wirh a fast growing 
industry. 


NEW PLANT SOON 
FOR BRC 

The purchase, in December of 1958, 
of a 70- acre trace in Rockaway Town- 
ships a few miles Northwest of the 
present plant, was rhe first step towards 
a long-range expansion program in ef- 
fect at BRC. The tract is located less 
than a mile from the recemly completed 
interchange on the newly-aligned Route 
Route 80 interchange, and is easily ac- 
cessible ro BRC’s 150 employees who 
mostly reside in the area. Ample room is 
available on the new site for enlarged 
plant construction and recreation 
facilities. 

More recently, BRC has engaged, an 
Architectural firm co draw up plans for 
che new building. These plans should 
be completed in the near future and 
plans are that ground will be broken 
early in i960. 

The new building will be a modern, 
single-srory structure providing at least 
50,000 square feet of space, or more 
than double the area of the present 
plant. The Engineering, Production, and 
Administration Departments are beiog 
(ayed out with ample room allowed for 
future expansion. The plant will be 
fully equipped with che most modern 
machinery and tools obtainable. Facili- 
ties arc expected ro include air condi- 
tioning and a cafeteria, 

Details on the new plant will be che 
topic of a future Notebook article which 
will be published as soon as the build- 
ing plans are firm. 



An aerial view of BRC J s new plant site* 
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Looking Back 25 Years 
With BRC 


Boonton Radio Corporation was es- 
tablished in 1934, but die scene was 
sec before that time, just after the end 
of the First World War. Many of the 
concepts that made wireless comm uni- 
cat ion possible were discovered before 
the War, but it was during the War 
char new ideas were evolved and that 
considerable practical experience was 
gained in the use of these new ideas. 
When the War was ended, the public 
was beginning to appreciate the useful' 
ness of transmitting intelligence over 
distances without wire and was taking 
a keen interest in ics development. 

Manufacturers, recognizing this in- 
tense interest, began devoting time and 
money to the development of improved 
radios and radio devices. They found 
it necessary to obtain component parts 
which were new to most of them, and 
for which they were sadly lacking in 
testing methods. 

These were the conditions under 
which the Boonton Hard Rubber Com- 
pany in Boonton, New' Jersey estab- 
lished a group for dealing with the new 
problems. The staff of the newly formed 
group, including at first jusr one physi- 
cist, produced coil forms and other radio 
components using insulating mareriaf 
Later, additional technical people were 
employed, and the work of general engi- 
neering consultation was undertaken. 
This type of work naturally led to an 
understanding of basic test equipment 
requirements. 

Lace in 1934, Mr. William D. Lough - 
l/n, who bad been President of Radio 
Frequency Laboratories and who was 
one of the industry's pioneers, together 
with several associates, purchased one 
of the buildings which had been used 
by the Boonton Hard Rubber Company 
for its radio activities, and formed die 
Boonton Radio Corporation. The new 
company concentrated its engineering 
skill toward the development of new 
measuring equipment sorely needed by 
(lie radio industry at that time. For ex- 
ample, there was at that time a specific 
need for a quick and accurate merhod 
for measuring Q. Q measurements were 
being made indirectly by means of 
bridges which measured the effective re- 
actance and resistance concerned. These 
measurements were coo often subject to 
error because of the involved redi piques 
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Larry Cook, with BRC since f935, is shown 
with a proproduction modoi of BRC J $ first Q 
Meter and ihe current Type 260 -A Q Meter. 


required, and were time consuming. 

It was this Q measuring problem, in 
fact, which led ro the development of 
the first Q Meter. Manufacturers were 
con/ronred with the costly annoyance 
of producing cods chat would meet all 
of the requirements when tested at their 
own plant, only ro be rejected because 
they did not pass inspection at their 
customers plant. A need for approved 
standards was evident and thh was 
among the first assignments of the BRC 
engineers. 

First Q Meter Introduced 

In November of 1934, Boonton Radio 
Corporation presented at the Institute 
of Radio Engineers' Fall meeting in 
Rochester, New York, a model of the 
Company's first Q Meter. This instru- 
ment covered the frequency range of 
50 kc to 50 me and was known as the 
Type 100-A. With this instrument, Q 
measurements were made simple and 
rapid, It was also capable of many other 
valuable laboratory measurements on 
basic components and circuits. The Q 
Meter was immediately accepted as a 
standard by the radio industry and re- 
search laboratories. Over the years im- 
proved models (the Types 1 60- A and 
260-A) of Q Meters in this frequency 
range have been introduced. 

In 1941, a high frequency model (30 


to 200 me) of the Q Merer, known as 
the Type 170-A ,was inrroduced. This 
instrument was followed by die QX 
Checker (Type 110-A), similar ro die 
Q Meter but designed specifically for 
rap/d production resting of components 
with laboratory accuracy. This instru- 
ment was very easy ro operate and could 
be handled by unskilled personnel. 

Today, a faster, more versatile instru- 
ment, the Q Comparator Type 265-A 
has replaced the QX Checker and the 
low frequency Q Meter (Type 260-A) 
and high frequency Q Merer (Type 
190- A) are in very broad use. 

FM and HF Test Equipment 

Jusr before the Second World War, 
BRC began development work on a 
frequency -modulated signal generator 
to meet the demand for resr equipment 
for the new fm communication equip- 
ment. A model of this generator was 
first presented in 1940 at the Institute 
of Radio Engineers’ meeting in Boston. 
Several models of these FM Signal Gen- 
erators, developed by BRC, were used 
during the war by military and com- 
mercial customers. 

During the Second World War, BRC 
provided large quantities of the standard 
commercial equipment, which had been 
previously designed for its commercial 
customers, to the Military Services, for 
use in the Wax effort. In fulfilling its 
patriotic duty, the Company prepared 
a microwave pulse modulated rf signal 
generator for manufacture. A large num- 
ber of rhese instruments were produced 
for the Military Services for use in test- 
ing radar systems. This Signal Generator 
is still used by the Military. 

At the end of the War the FM Sig- 
nal Generator was redesigned to permit 
coverage of a wider frequency range, to 
include AM as well as fm, and to obtain 
deviations in frequency which did not 
vary with carrier frequency. This in- 
strument ' had very low leakage and a 
wide selection of accurately calibrated 
output voltages. It soon became the 
standard in ics field. 

Aircraft Navigation Test Equipment 

In the 1940's, the aircraft transporta- 
tion field was developing more accurate 
methods of navigation and better meth- 
ods of landing in bad weather. A system 
for solving these problems was ap- 
proved by the Civil Aeronautic Admin- 
istration and put inro use both com- 
mercially and by die military services. 
During the development phases of this 
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Aircrafc Navigation acid Landing Sys- 
tem* BRC was asked ro devejop rest: 
equipment of unusual accuracy for test- 
ing several of the receivers involved, A 
signal generator for navigation equip- 
ment was produced in 1947, ro be fol- 
lowed a short time later by an equip- 
ment for testing receivers used in landing 
aircraft', A more advanced model of the 
M Glidc Path" testing equipment for the 
landing of aircraft was produced in 
1952, 

The Productive 1950 J s 

In the last decade* the Company's ef- 
forts have been directed toward the 
development of other self-contained, 
broadband, flexible instruments. The 
RX Meter, introduced in 1953* meas- 
ures parallel resistance and parallel re- 
actance of rwo-terminal networks over 
the LF and VHF ranges. This instru- 
ment has contributed to the develop- 
ment of the diffusion-based transistor, 
which in turn is playing a large part in 
America's missile and satellite program. 
More recently* the instrument has ven- 
tured from the world of missiles and 
electronics to become one of rhe medi- 
cal world's latest weapons against dis- 
ease. The University of Pennsylvania 
School of Medicine put the lostrumenc 


to work measuring the electrical prop- 
erries of human and animal tissue. 

In addition to the RX Merer, the 
L950's brought about the redesign of 
both the low-frequency and bigh-fre- 
queocy Q Meters* increasing the use- 
fulness and accuracy of these instru- 
ments * and rhe development of a Film 
Gauge for measuring film thicknesses. 

In the last 2 years, BRC has offered 
three new instruments to the electronic 
industry* all of which were announced 
at the 1959 IRE Show in New York. 
These instruments include a Q Com- 
parator designed to give instantaneous 
and simultaneous readout of Q, induct- 
ance* and capacitance on a cathode-ray 
tube, for production testing of compo- 
nents; a Signal Generator Calibrator 
which provides accurately calibrated RF 
ourpuc voltages for testing signal gen- 
erators and receivers and measures per- 
cent AM; and a new Signal Generator 
which provides improved frequency 
stability over a wide range. 

Expansion of Personnel 
and Facilities 

As the BRC instrument line in- 
creased, naturally die plant had to be 
enlarged and the number of employees 
increased. The original RFL building 


has been lost in a series of major addi- 
tions* the last of which was completed 
about eight years ago. The plant now 
has about 23,000 square feet of working 
area and houses all of rhe Company's 
operations. Company personnel has 
grown from as few as six persons to a 
payroll which now includes more than 
one hundred and fifty employees. 

During the past year* the Company 
has taken two major steps which figure 
to play an important part in future ex- 
pansion. The first was the purchase of 
a 70-acre plant site on which a new 
plant will be erected in the very near 
future, and the second was joining 
forces with the Hewlett-Packard Com- 
pany to become a wholly-owned sub- 
sidiary of that firm. 

Quality Key to Success 

Over the years, BRC has built elec- 
tronic tools which have come to be 
recognized throughout the world for 
their superior qualify. We aruibure this 
success to the fact that our instruments 
receive expen care from the drafting 
boards to the final rest department, and 
to Our policy of building only those in- 
struments which have been pioneered 
in our own laboratories. 
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A Transistor Test Set 

RUCHAN BOZER / Development Engineer 
JOHN P. Van DUYNE, Engineering Manager 



The Boontoa Radio Corporation 
Transistor Tesr Set Type 275-A is an 
instrument for measuring small signaJ 
parameters of a transistor. The common 
base short circuit current gaio Alpha 
(hfb), the common emitter short circuit 
current gain, Beta (hr a )> and die tran- 
sistor input impedance common base 
with the output short circuited (h;*,) are 
measured. The instrument differs from 
the conventional transistor tesr set in 
that the parameters measured are de- 
termined by the position of a linear 
potentiometer required to produce a 
minimum reading on a sensitive detec- 
tor. It does not therefore require the 
calibration of, nor depend upon the" 
constancy of Jevel of cbe ac signal ap- 
plied for measurement purposes. 

Reference to the photograph (Fig- 
ure 1) reveals the unit as a self con- 
tained, line powered, bench type instru- 
ment with well placed, easily operated 
controls. 

The Block Diagram ( in Figure 2) 
shows die basic components of the 
27 5 -A. It contains, beside the basic 
measuring circuit, which is the heart 
of the instrument, a simple I-kc oscil- 
lator, a sensitive detector of wide dy- 
namic range, and three power supplies. 

Theory of the Measurement 

The Null techniques used in measur- 
ing Alpha and Beta in rhe 275-A Test 
Set were devised by D. E. Thomas of 
rhe Bell Telephone Laboratories(l). The 

(\) These null techniques ate incorporated 
in rhe Type 275-A Transistor Test Set under 
Western Elecrric License. 
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equivalent circuit of the basic measure- 
ment is illuscrared in Figure 3- When 
the potentiomerer, which is linear, is 
moved to a position where the signal 
voltage between the base of the tran- 
sistor and ground is a minimum, the 
small signal Alpha of the transistor is a 
linear function of the angular position 
of rhe potentiometer. 

If the circuit of Figure 3 is modified 
to the circuit of Figure 4 in which R 2 is 
a fixed resistance and the potentiometer 
(Rr) is now used as a variable resist- 
ance, the small signal jfr of the transistor 
is a linear function of the angular posi- 
tion of rhe potentiometer. Finally, h rh is 
measured in the variable ratio arm 
bridge shown schematically in Figure 5. 
The potentiometer (Ri-f-R 2 ) of rhe 
measuring circuit provides the two vari- 
able ratio arms, and the remaining arms 
are the standard resistance R! and rhe 
unknown resistance bib- The porentio^ 
merer position required to make V a 


minimum is then calibrated io terms of 
the resistance value of h^. 

Specifications 

Now that the basic principle of opera- 
tion has been explained, let us consider 
the range of values over which cbe para- 
meters o c , jft, and h,b may be measured. 
Note particularly that these parameters 
may be measured down to 0.01 ma. 
emitter current. 


ESTIMATE THE Q 
WIN A Q METER 

Yes, that Is all that is necessary to win 
the factory reconditioned Type 160^A Q 
Meter which will be on display in rhe 6ft C 
exhibit at the IRE show to be held In the 
New York Coliseum from March 7lst 
through March 24th. The Q Meter will be 
awarded to the person whose estimate Is 
closest to the actual measured Q of the 
coil to be displayed with the Q Meter. Com- 
plete information will be furnished by en- 
gineering personnel on duly in SRC Booths 
3101 and 3102. 
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Alpha {hrt>h 

RANGE: 0.001 to 0.990 Of 0.9000 to 0.9999 

> 

ACCURACY: for foe = 500 kc. ( w ) 

Eteitcr than dzl% for oc from 0,100 to 

0.990 

Better than i;0.5% for oc from 0.9000 
to 0,9999 , 

/ .09 \ 

for any cc % error — rt | 0.1 -}- — I 

Beta (hr*,): 

RANGE: 1 to 200 

> 

ACCURACY: ±2% from 7 to 200 for f oc = 
500 kc. (*> 

h lb : 

RANGE: At xO.l; 0.30 lo 30 ohmj 
At xl.0; 3.0 to 300 ohms 
At *10.0; 30.0 to 3000 ohms 
ACCURACY (staled for linear reslstori): 
±3% 

Internal Power Supply; 

EMITTER CURRENT [I0i 0.01 to 100 mo. fn 10 

overlapping ranges 

COLLECTOR VOLTAGE (V Cfl )r 0 to 100 voll* in 
6 overlapping ranges 
External Power Supply Capability; 

It = 5 amperes max. (for Alpho only) 

Note: The base current should not exceed 
100 ma. in any case. 

Vets: no i to exceed >00 volts dc 
Meter Accuracy: dzlV- 1 % fall scale 
* f OC = the frequency for which 
1 

I cc I = — cc ^ 

\/2 

where oc o = forward short circuit current gain, 
grounded bose at very low frequency. 

It can be seen from this brief outline 
that the instrument provides maximum 
accuracy in the range of maximum in- 
terest, namely values of «= from 0.9 to 
0.9999. and sufficient precision (4 sig- 
nificant figures) in Alpha to reliably 
detect small but important Alpha varia- 
tions with changes in bias and device 
characteristics. 

Applications 

An instrument with the above meas- 
uring capabilities will prove equally use- 
ful ro engineers engaged in circuit de- 
sign, device development and produc- 
tion, and active network analysis and 
synthesis. 

Fast, simple and accurate measure- 
ments of Transistor small signal para- 



Figore 2 . Bf©c* Diagram — Transistor Toil Set 
Type 275-A. 


meters over the operating range required 
for a particular application are impor- 
tant to the successful design of a large 
percentage of transistor ci ten its. Further- 
more, these parameter measurements 
and dietr celarionship to circuit perform- 
ance are essentia] in formulating sound 
device parameter requirements. When 
device requirements are formulated on 
a sound basis, the chances of having 
equipment give satisfactory performance 
in mass production with transistors pro- 
duced on the basis of these requirements 
are greatly improved, AJso, in the case 
of failure to meet prototype design ex- 
pectations, rhe search for the cause of 
the failure is facilitated. 



When V “ O, i e Ri - « i e (R, -f fU) 

Ri 

Ri + R- — Rt 

if R i — |- R 2 ^ Rt 

figure $, AC Equivalent Circuit — 
Alpha yMeojuremenl, 


Current Gain and Amplifier Linearity 
One of the simplest examples of the 
use of the BRC Transistor Tesr Set Type 
275-A is in connection with the design 
of a fully loaded common emitter tran- 
sistor audio amplifier stage. Since the 
small signal common emitter current 
gain, toui/'io is given by 


lou» 




OC 


(1) 


then any change in ft over the range of 
bias covered by the transistor load line 


will result in nonlinearity of amplifica- 
tion. The magnitude of this nonlinearity 
will be quantitatively related to the de- 
gree of departure of ft from constancy. 
Now if we look at the variation of ft 
as a function of the corresponding varia- 
tion in cc with operating bias, we find 
that 
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( 2 ) 


Equation (2) shows that the common 
emitter current gain nonlinearity will 
be ft rimes die common base current 
gain nonlinearity. 



When V = O, i e R T = cc i e (R T -)- R,0 
so oc = Rt/Ry Ra 

ai Rt 

1 - <r Ra 

Figure 4 . AC Equivalent Circuit — 

Bela Measurement. 


Figure 6 which shows a comparison 
of ft change as compared to oc change 
in a particular transistor over a wide 
range of operating bias, graphically il- 
lustrates the considerably greater change 
in ft rhaa in oc in a high oc transistor. 
By precise measurements of oc or ft 
with rhe 275-A, across rhe desired oper- 
ating range of bias, limits on oc or ft 
variation can be set to meet the required 
linearity of the application. 

Next consider the case in which we 
wish ro improve the common emitter 
gain linearity, or increase the common 
emitter gain-bandwidth, by die use of 
collector-tobase feedback. The necessary 
reduction in gain to obtain the desired 
improvement jn linearity or increase jn 
band width and the required collecror- 
to-base feedback resistance can be easily 
determined if rhe small signal values of 
or ft are known (Reference 1). 
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These values can be rapidly determined 
on the 275-A Test Set. 

Curt cm Gam — Switching Transistors 

In switching applications it is desir- 
able that transistors maintain a high 
value of a as close as possible co cut- 
off; i.e., low emircer current and maxi- 
mum collector voltage and also, into the 
saturation region, i.e., low collector volt- 
age and high collector current. The 
Transistor Test Set, Type 275-A be- 
cause of its ability to measure at ex- 
tremely low emitter currents, (0,01 ma ( ) 
can give quick answers to oc or 
variation in the cutoff region. Likewise 
the saturation region variation can be 
studied. In the event of serious falloff 
m qc in the saturation region, the source 
can be traced to either internal gen- 
erator current gain magnitude fall off 
at high current densities* or robbing of 
collector junction voltage by high in- 
ternal series collector resistance. Thus 
many of the uncertainties in tracing 
switching transistor troubles on a large 
signal basis only can be eliminaced. 

Inpm Resistance 

One of the most useful functions of 
the Transistor Test Set Type275-A is to 
study the effects of the often neglected 
parameter hib. The 275-A measures low 
frequency (1 kc) h ib since this is ef- 
fective in locating excessive series emitter 
resistance, which is frequently die cause 
of trouble in rxansistors. h,b (the input 
impedance of rhe transistor common 
base with rhe collector shorted to the 
base) is given by 

hh = r'-f r B -|- (l-a 0 )rt (3) 

where r e is the junction diffusion resist- 
ance. At room temperatures this is given 
approximately by q26/Ie, where n is 
usually unity for germanium, but may be 
as large as 2 for silicon, and Ie is rhe dc 
emitter current in mi Lli amperes, 

Tq is any residual series emitter resisrance 
due to contact or spreading resistance. 
r b is the base resistance. 

<x 0 is the low frequency magnitude of 
alpha. 

Since the transistor is essentially a 
power operated device, die power dis- 
sipated in of (3) usually represents 
a loss in gain. 

Now how can the Transistor Test 
Sec 2 73 -A be used to detect dais high 
value of rj y if it exists? Ir is reasonable 
ro assume that r^ and (l-a 0 ) r b are 
constant over the operating range of 
interest. Then if h| b is measured at two 
or more values of Ie in the anticipated 



Where h, b = R, X ^ 

Ivs 

at null, V = O 


Figure 5, AC Equivalent Circuit — 
h-, t, Measurement. 


range of use and these values are linearly 
plotted as a function of 1 /Ie, a straight 
line connecting these points will have 
an intercept on the 1/L f — 0 axis equal 
to r'-|-(l -cc 0 ) r b . Since ( 1- oc 0 ) r b is 
expected to be very small for high cc 0 
transistors, rhe major portion of large 
valued intercepts will in general be due 
to high r 0 f The fact that all transistors 
do not have a low value of r£ is shown 
in Figure 7, where r£ has been investi- 
gated by rhe above technique for two 
different transistors using the 275-A 
Test Set. Transistor #2 has an intercept 
of 1.5 ohms which indicates that si is 
quire low for a transistor of this power 
level. Transistor #1 on die other hand 
has an jneercepe of 20 ohms indicating 
a high value of ri 

In those applications where power 
gain is not important, this high value of 
r„ y may be negligible. Let us, however, 
consider the seriousness of large si in 
die design of a single mismatched IF 
amplifier stage using single tuned re- 
actance network coupling (Reference 
2). The single runed interstage cou- 


pling network is illustrated in Figure 8. 
Ln this circuit, Q is given by n>L/R^ or 
1/tuCR^ at band center frequency. R 2 
is die resisrance component of hi b (in 
this example, taken as the measured low 
frequency value of h, b ), and Ri is the 
impedance transformed value of Ro fac- 
ing the collector of the driving transistor 
at resonance and given by: 

Ri = Q^R, = (o>L) 2 /R, “ (a)L) 2 /h lh 

Now suppose that transistor #1 of 
Figure 7 with an emitter current bias 
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Figure 7. Jiit> Versa* l/l\ For Typical Transistors. 
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Figure 6. Beta ond Delta Versus It 
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of 2 ma. were used in the common base 
connection with this circuit. R 2 (h Fb ) 
would be 34 ohms whereas if ic were 
not for the high values of r/ir would be 
of the order of 14H or approximately 
one-half. Therefore half rhe power into 
the transistor is lost by dissipation in a 
passive resistor. Furthermore, if we bad 
a fixed production circuit and the \\ ia 
of the transistor varied from 15FI ro 
30A we would have a four-co-one var/a- 
tion in power gain and a rwo-to-one 
variation in band width. 

Nothing has been said about h l6 , the 
common emitter input impedance. This 
is given by 

b ie = r b H (6) 

l- <K 

For high <x transistors at frequencies 
below /? cutoff the second term of (6) 
is usually the larger term. Therefore r/ 
is ofren as important in the common 
emitter connection as it is in the com- 
mon base connection. 

Many transistor circuirs will require 
at least a reasonably good coorrol of h lb , 
if not an approach to the minimum 
value obtainable when r/ vanishes. It is 
apparent from the above discussion chat 
some of the frustration and failure which 
might be experienced in designing tran- 
sistor circuirs can be avoided by a study 
of rhe effect of h jb on circuit perform- 
ance, followed by suitable measurements 
of hib on the Transistor Test Set Type 
275-A. 

Description 

There are several circuit features in 
the 275-A, worthy of note, thac have 
not yet been described. 

Expanded Alpha Range 
In the specification it was seen that 
an expanded Alpha range giving four 
significant figures is provided. This is 
achieved, simply and stably, as shown 
in Figure 9- The adjustment R* is re- 
quired to correct for unir-to-unit varia- 
tions in the total resistance of the linear 
measuring circuit potentiometer, R T . 

Transistor Protection 
An important item to the user of the 
275-A is rhe protection provided against 
accidental burnout of the device under 
tesr. First, each current and voltage 
range is limited to a maximum output 
value less than twice the full scale value 
of that range. Secondly, a means is pro- 
vided to check the polarity of the tran- 
sistor being tested in a safe manner. This 
operates as follows: The switch labeled 
SET-CHECK-MIN (lower left of main 



Figure 5, Single Toned Interstage Coupling 
Transistor. IF Amplifier. 


dial in Figure 1 ) is moved to SET, 
disconnecting the transistor socket, 
shorting the I E supply, and open circuit- 
ing the V CB supply. The desired I e and 
Vc& are set by manipulation of the proper 
range switches and coarse and fine con- 
trols. The SET-CHECK-M1N switch is 
moved to CHECK and the METER 
switch is set at I E . If the emitter current 
does not drop below Yi of the value sec, 
the device is correctly poled. If polariry 
is not correct, rhe currenr will drop 
nearly to 2 ero. If polarity is correct, 
moving both switches to MIN connects 
the transistor and permits a minimum to 
be achieved by rotating the main dial. 

Oscillator 

The oscillator is a simple RC Wien 
Bridge type with a fixed frequency of 
1 kc The output, which is coupled to 
the measuring circuit through an audio 
transformer of 20:1 ratio, has an in- 
ternal impedance of 5 ohms and a volt- 
age output of 0.035 volts. Selection of 
reliable components and use of suffi- 
cient feedback make this a stable, 
trouble-free signal source. The source 
impedance is suitably varied by series 
resistors selected by the oc , h Tb , A range 
selector switch, ro keep the peak ac-to-dc 
ratio sufficiently less than unity, to avoid 
troublesome harmonic generation. The 
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figure 9 . AC Equivalent Circuit-Expanded Alpha 
Scale. 


harmonic generation obscures rhe mini- 
mum at balance and excess even order 
harmonics will cause a bias shift. 

Detector 

This circuit consists of two amplifiers, 
a cathode follower, and averaging recti- 
fier. The resulting dc output is applied 
to the meter and a dc voltage is fed back 
to rhe grids of each scage as in automatic 
gain control, ro extend the dynamic 
range of the indicator and permit a 
highly sensitive indication of the mini- 
mum, without the need for auxiliary 
level controls. Feed back of dc also pre- 
vents any possible damage to rhe meter 
by the large signal at the input of the 
detector when rhe potentiometer arm is 
far off the balance point. 

Power Supplies 

There are three power supplies: two 
are used for the transistor emitter and 
collector biasing, and the third is used 
ro supply the internal oscillator and rhe 
detector. 

The emitter power supply has a very 
high output impedance and the follow- 
ing ranges: 0-0. 1, 0.2, 0.5, l, 2, 5, 10, 
20, 50, and 100 ma., covering most of 
the low aod medium power transistors. 
The control that varies the emitter cur- 
rent: over the entire range has both 
coarse and fine sections, permitting rhe 
user to set rhe desired emitter bias very 
precisely. Because of the high internal 
resistance, the bias magnitude, which 
is set by shorting the emitter and base 
terminal for transistor protection, is not 
affecred when the trans is cor is placed in 
the circuit Also, inserting different tran- 
sistors has no effect on the U selected. 
Since rhe ac output impedance is many 
rimes the dc res is ranee, the shunting ef- 
fect on the measuring circuit is neglig- 
ible. Figure 10 gives a better understand- 
ing of the 1e power supply. Current 
through rhe tube is adjusted from 0.01 
ma. to 100 ma. by the variable cathode 
resistor, R Cl The emitter current ranges 
below 5.0 ma. are obtained by a current 
divider in the plate circuit, since the re- 
sulting power dissipation is very low. 
The breakdown diode (Z in Figure 8) 
protects the emitter-base junction of the 
transistor by limiting the high open- 
circuic voltage that develops because of 
the Large impedance of the I E supply. 

The collector power supply is an elec- 
tronically regulated constant volrage 
source with ranges of 0-2, 5, 10» 20, 50, 
and 100 volts. Like the emitter power 
supply this also allows easy, accurate 
selection of the desired V C b- A current 
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regu lacing tube improves rhe stability 
of the reference tube voltage vs. power 
line fluctuations. This is especially im- 
portant at low Vca values. The internal 
ac and dc impedances are so low that 
neither switching in die transistor nor 
J c variation has significant effect on the 
value of the voltage set. Of course, the 
ac output resistance, which is less than 
15 ohms, acts as an ac short to the sev- 
eral megohm output resistance of the 
transistor under test. 

In addition to the above mentioned 
circuit features of the instrument, certain 
additional fearures are provided. For 
example, a socket is provided for con- 
nection of excemal power supplies pro- 
viding up to 5 amperes of emitter cur- 
rent and LOO volts of collectonto-base 
biasing for Alpha and Beta measure- 
ments. (The base current should never 
exceed 100 ma.) Also, a jack is provided 
at the rear of the instrument so that a 
milliammeter can be inserted to measure 
the dc base current. 

Another jack at the rear of the in- 
strument permits the use of a sensitive 
narrowband external detector, such 
as the Hewlett-Packard 302A Wave An- 
alyzer, for measurements at very low 
signal level and le values below 10 



Figure 10. Circuit — ■ Coftifanf 

Current J t Supply, 


micro-amperes. The internal power sup- 
plies Ie and V C 8i which are metered to 
dt VA% of full scale, can be used to en- 
ergize external circuits when not in use 
measuring transistors. 

A jig, Type 575- A, with different 
types of transistor sockets, is supplied 
with the instrument for the customers' 
convenience, permitting a variety of 
transistors to be tested with little trouble. 
A feature of the Type 5 75 A jig is that 
the socket mounting plare may be readily 
removed and duplicated to facilitate 
mounting of special sockets, heat sinks, 
or other devices. 

Summary 

This unique instrument which en- 
ables the user to measure, with a new 
technique, the important dynamic para- 
meters ( ac, jS, hjb) of a transistor is 


very simple co operate and stable of 
calibration. It is also evident that dc 
transistor characteristics such as dc 
Alpha, dc Beta, Ico* Je&o» bo* Iceoj lets* 
etc, can be measured. 

Because of its versatility the limit to 
the usefulness of the 2 75 -A will be the 
ingenuity of the user. 
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New Navigation Aid Test Set 

ROBERT POIRIER, Development Engineer 


Boonron Radio Corporation will soon 
introduce the Navigation Aid Test Set 
Type 2 35 -A which provides all of the rf 
circuitry required for bench testing the 
ATC (Air Traffic Control) Transpon- 
ders and airborne DMET (Distance 
Measuring Equipment — - Tacan) sec- 
tions of the VORTAC navigation system. 

At the outset of the development of 
this instrument, it was proposed that all 
of the rf circuitry for testing ATC Trans- 
ponders and airborne DMET be con- 
tained in a single package. Although 
the test procedures of die two devices 
are different, the Transponder being 
fundamentally a replying device and the 
DMET Radio Sec an interrogation de- 
vice, the one package concept is facil- 
itated by the dose interlacing of the 
receiver operating frequencies of the 
two devices. 

The BRC Navigation Aid Test Set 
Type 235-A contains three basic inter- 
connected units: viz* a crystal-controlled 
RF Signal Generator, a peak pulse 
power comparator, and a wave meter. 


Used in conjunction with either the 
Collins Radio Company's 57SX-1 Trans- 
ponder Bench Tesr Set or the 578D-1 


DMET Bench Test Set and a suitable 
oscilloscope ( Hewlett-Packard Type 
150A with )52B Dual Qiannel Ampli- 
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578X-1 Transponder Bench Test Set 

578D-1 DMET Bench Test Set 

L Receiver Sensitivity 

l. Receiver Sensitivity 

2. Receiver Bandwidth 

2. Transmitter Power 

3. Transmitter Frequency 

3. Search Speed 

4. Transmitter Power 

4, Search Range Limit 

5. Side- lobe Suppression 

5. Decoder Selectivity 

6. Echo Rejection 

6. Identification 

7. Decoder Tolerance 

7, Flag Operation 

8. Receiver Dead Time 

8. Distance Accuracy 

9. Reply Pulse Position 

9. Tracking Rate 

10. PAR Response 

10, Transmitter Pulse Characteristics 

1 1. AOC and Count Down 

1L A,G.C, Performance 

12. Identification Pulse Delay 

12. Distance Indication 

1 3. Transmitter Pulse Characteristics 


14. Image Response 


L5. Random Trigger Rate 


16. Transponder Delay Time 


17, Suppressor Output 



figure 2. Jests Avaiiabf& With The B/3C 235- A Whfcrt \J$&d With A Synchroscope and the CoUins 
S7BX-1 or 57BD-J Test Sets, 


fier) rlie BRC Navigation Aid Test Sec 
Type 235- A is capable of performing 
rhe tests shown in the table in Figure 2. 

Crystal-Controlled 
RF Signal Generator 

Referring to the functional block dia- 
gram (Figure 3), the receiver test fre- 
quencies are generated In three crystal 
oscillators, heterodyned twice, and 
doubled in the final modulator stage. 
The coarse frequency oscillator genera res 
eighr 5 -me intervals of frequencies from 
25 me to 65 me inclusive, and the fine 
frequency oscillator generates nine 0,5- 
me intervals of frequencies from 6.1 me 
to 10.6 me inclusive. After mixing, the 
sum of the inputs is extracted, provid- 
ing a frequency spectrum of 31.1 me to 
75 .6 me inclusive in 0.5-mc steps. A 
tuned amplifier suppresses the spurious 
products. The bandswitching oscillator 
and multiplier generate one frequency 
for each of rhe two bands; viz., 448.9 
me for the low band and 533.9 me for 
the high band. The sum of the outputs 
of die first mixer and either of the two 
ourpur frequencies from the bands witch- 
ing oscillator is generated in rhe second 
mixer, and after filtering and doubling, 
results in two bands of output frequen- 
cies from 960 me to 1049 me inclusive 
and 1 L30 me to 1219 me inclusive in 
1-mc steps. Digital readout of rhe output 
frequencies, together with a printed dial 
readout of DMET channel numbers 1 
through 63 for the frequencies 962 me 
to 1024 me inclusive and 64 through 
126 for the frequencies 1151 me to 
1213 me inclusive, are provided on rhe 
front panel of the instrument. 

A total of 180 discrete crystal-con- 
trolled output frequencies are generated 
from 21 crystals, the frequency accuracy 
of which depends primarily on the two 
crystals in the bandswitching oscillator. 
The bandswitching oscillator crystals are 
Specified to ± 0.0025%, the coarse fre- 
quency oscillator crystals to ±0.005%, 
aod the fine frequency oscillator crystals 
ro ±0.01%. The output frequency ac- 
curacy is specified to ±0.005% at room 
temperature. No crystal ovens are used, 
since the instrument is intended for use 
in laboratory ambient conditions. 

A similar frequency generator could 
have been built with 20 crystals, with 
rhe frequency accuracy depending prim- 
arily on only one cjystal, by choosing 
either the sum or difference products of 
the second mixer for the high and low 
bands respecrively. The disadvantages of 
the sum or difference mixing; viz., re- 
duced frequency accuracy of the low 


(difference) band and the reversal in 
direction of the digital readout between 
the two bands, justify the use of 2 1 
crystals and frequency switching of the 
X12 multiplier. 

Both grid and cathode modulation are 
employed in the Navigation Aid Test 
Set. When the CW output level has 
been set ro the calibration mark of the 
therm is ror bridge meter, the positive 
pulse modulation signal is applied to the 
ca diode of the final doubler to com- 
pletely interrupt the CW output for the 
duration of each pulse. The demodulated 
interrupted CW may be observed as a 
relative amplitude eirher on ao integral 
peak voltmeter or an external synchro- 
scope for a peak pulse calibration of the 


calibrated CW output level. Subse- 
quently, rhe doubler stage is biased ro 
cut-off and the positive pulse modula- 
tion signal is applied to the grid through 
a variable modulation level control 
which is adjusted so that the detected 
peak puLse amplitude is the same as 
that for the interrupted CW signal. 
The peak pulse output Ic-veh thus ob- 
tained, is referenced to the thermistor 
bridge calibration of che CW output 
level. Frequency multiplication is em- 
ployed in the output stage in order 
co obtain a high ratio between the peak 
pulse output level and the CW output, 
between puLses, in a single stage modu- 
lator. The peak pulse to CW rario is 
directly related to rhe purity of the 



Figure; 3 S/ocJt Diagram — Navigation Aid Test Se/ Type 2 35-A. 
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driving frequency and, in the 235’A, 
can be 60 db or better. Spurious ourpucs 
are at least 30 db down. 

Peak Pulse Power Comparator 

Incorporated in the Navigation Aid 
Test Set is a circuit for measuring the 
peak pulse output of the transmitters in 
the ATC Transponders and DMET 
Radio Sets, fn principle, this measure- 
ment is made by comparing the relative 
amplitude of the detected transmitter 
output pulse aiter a precisely known 
suitable amount of fixed attenuation 
with the variable calibrated output of 
the RF Signal Generator observed 
through rhe same detector. The measure- 
ment is made by adjusting the output 
of the RF Signal Generator, by means 
of the piston attenuator, for rhe same 
detected peak amplitude as was observed 
for the transmitter output, and reading 
the piston attenuator dial which is also 
calibrated in terms nf transmitter peak 
output power over the range of 23 to 
33 dbw. The peak power output of the 
RF Signal Generator is compared with 
the accurately attenuated transmitter 
output pulse in the same detector, at 
the same level but not normally at rhe 
same frequency. There is a difference 
of 60 me between rhe transmitter and 
receiver frequencies of rhe ATC Trans- 
ponder, and a difference of 63 me be- 
tween these frequencies in the DMET 
Radio Sec The RF Signal Generator 
portion of the 2 33 -A is designed for 
receiver frequencies and does not pro- 
duce the Transponder transmitter fre- 
quency. Some of rhe DMET transmitter 
frequencies ace incidentally available. 
The peak power measuring detector is 
sufficiently flat over 63 -me increments 
of frequency for an overall accuracy 
of ±1.3 db for the peak power 
measurement. 

Wavemeter 

The wavemeter incorporated in the 
Navigation Aid Test Sec is for the pur- 
pose of measuring the transmitter out- 
put frequency of the ATC Transponder 
which obtains from a free-running tun- 
able cavity oscillator The frequency 
range of the wavemeter is 1070 me to 
1110 me in order to accommodate the 
Transponder operating frequency which 
consists of a pulse spectrum centered on 
1090 me. Frequency accuracy of the 
wavemeter is ±0,3 me over the range 
of 1070 me to 1110 me. 

The VSWR of the rf connection on 
rhe front panel of rhe 235-A will be 


1.2 or less, and will not be observably 
dependent on the tuning of the wave- 
meter. The parb between rite rf panel 
connector and the wavemeter includes 
about 30 db of attenuation. Referring 
again to the block diagram, the wave- 
meter indicator is the integral peak volt- 
merer which provides rhat the wave- 
merer indication is dependent only on 
die transmitter power and spectrum, 
and is negligibly affecred by the reply 
repetition rate and the number of pulses 
in the reply code. 

Conclusion 

The Navigation Aid Test Set pro- 
vides complete facilities for the accurate 
testing and calibration of airborne 
DMET and ATC Transponder Systems 
and has been specifically developed to 
serve the needs of BRC customers en- 
gaged in rhe design and operation of 
this type equipment. 

SPECIFICATIONS! 1 ) 

Signal Generator Section 
OUTPUT FREQUENCY RANGE: Channel* 
spaced 1 me in the range 960 me to 1049 me 
fncfun've ond 1130 me to )2)P me r'ndusive. 
OUTPUT FREQUENCY ACCURACY: ±0.005% 
from 60°F to 100°F. 

Rf OUTPUT LEVEL: —10 to —100 dbm. 

RF OUTPUT ACCURACY: ±1 db. 

LEAKAGE; Lew than —112 dbm. 
MODULATION CAPABILITY: Designed for 
pulse modulation. 


A NEW UHF 

From rhe beginning of the Company's 
history, Boonton Radio Corporation has 
been active in the development and 
manufacture of Impedance measuring 
instruments. The first instrument pro- 
duced by the Company was rhe Q Meter 
in die frequency range of 50 Kc to 
75 Me. Lacer development resulted in a 
Q Meter making measurements up inco 
rhe 2 00 -Me range. Other developments 
have produced rhe RX Meter, an RE 
Bridge operating between rhe frequen- 
cies of 500 Kc and 200 Me, rhe QX 
Checker and subsequently the Q Com- 
parator which offer methods of measur- 
ing the deviation of a rest sample irr Q y 
L, or C from a standard. 

The Q Meters developed in the past 
have made use of the resonance rise 
method of measurement. This well 
known method inserts a known voltage 
across a very low resistance in series 
with a resonance circuit, A vacuum tube 
voltmeter measures the voltage across 
the capacitor in the resonant circuit 


Inpul impedance: 150 ohms, 

Inpul level: +7.5 v peak or more. 

Time response; Rltelime z= 0.14 /iiec or 
less; overshoot 5% or less. 

RF Output Impedance; 50 obnu with VSWR 
of 1-2 or less. 

External Power Measurement 

FREQUENCY RANGE: 960 lo 1215 me. 

INPUT IMPEDANCE: 50 ohms VSWR 1.2 
or less. 

POWER LEVEL RANGE: 23 ro 33 dbw. 

200 lo 2000 wohs 

ACCURACY: ±1-5 db. 

External Frequency Measurement {ATC 
Transponder only) 

FREQUENCY RANGE: 1070 io 11 10 me. 
ACCURACY! ±0.5 me. 

RF Envelope Pulse Delector 

FREQUENCY RANGE: 960 lo 12)5 me. 
SENSITIVITY: External signals; will produce 
+ 0>5 volts peak open circuit from a 150-ohm 
source with 30 dbw inpul. 

Internal signals; will produce +0.5 volts 
peok open circuit From a 150-ohm source 
with a level of —13 dbm from the Internal 
generator. 

BANDWIDTH: Plot within 3 db to 7 me. 

TIME RESPONSE: Response lo Heaviside unit 
step 0.057 jiitec. Risetime, less than 2% 
overshoot. 

Power Requirements: 115/230 volts ac ±10%, 
50 to 420 cpt. 

(I) Based on: Report of Special Committee 
58 of the RTCA, "Minimum Performance 
Standards Airborne Tacan Distance Measur- 
ing Equipment Operating Within che Radio 
Frequency Band 960-1215 Megacycles", dated 
December IS, 1 95 8- 

AEFC Letter No. 5 7 -3 - 2 7 k entitled, "Status 
Report of ATC Radar Beacon System Project 
and Draft Revision of Characteristic No. 
532A+ dated October 21, 1957. 


Q METER 

while the inductance in chis circuit is 
ordinarily the device of which the Q is 
to be measured. If the insertion resistor 
is very low in value and rhe capacitor 
has very high Q> the vacuum rube volt- 
meter across the capacitor can be made 
to read directly in Q of the test coil. 
This method has rhe advantage of being 
very simple, capable of good accuracy, 
and entirely direct reading on a preci- 
sion meter. Beside Q, che Q Meter can 
also be used to measure capacitance,, in- 
ductance and resistance over the fre- 
quency range of rhe instrument. 

The need for a Q Meter ar frequen- 
cies above 200 Me has long existed, bur 
rhe difficulty in designing a very low 
and constant value pure resistance in- 
sertion impedance and the problems as^ 
sociared with designing a high Q, low 
inductance variable capacitance over this 
range have made such an instrument 
impracticable. It has been known for 
several years chat Q could also be de- 
duced by varying the frequency applied 
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to a resonance circuit so as to obtain a 
voltage across die capacitance 3 db down 
from the resonant peak on each side of 
chat resonanceL The frequency band- 
width berweeo the 3 db points divided 
by the resonant frequency yields the Q. 
Such a method in the low frequency Q 
Meter, however does not yield a simple 
direct reading instrument. 

The Booncon Radio Corporation now 
has a Q Meter, in advanced stages of 
preparation for manufacture, covering 
the frequency range of 200 to 600 Me. 
making use of the frequency variation 
method of Q measurement. This instru- 
ment consists of a specially designed 
oscillator, Q capacitor and sensitive de- 
tector The Q capacitor is designed so 
that inductive effects ace automatically 
removed from the measurement thus 
yielding a device which exhibits pure 
capacitance over the frequency range, 

The oscillator frequency varies loga- 
rithmically with rhe dial shaft position 
and the Q of the test sample is indicated 
directly oo a calibrated dial. A dial which 
reads directly in inductance is also sup- 
plied. When using che internal Q ca- 
pacitor, the instrument will read Q, L, 
C, and R over a frequency range of 200 
to 600 Me. The Q range is 20 to 2,000, 
The range of inducrance measurements 


is 3 to 200 m ill b microhenries and the 
capacitance range is 4 to 25 micromicro- 
farads. A special coupling means is pro- 
vided so that the resonant frequency 
and rhe Q of external cavities located 
at a distance from the instrument may 
be measured. The Q range in rhis ap- 
plication extends upward to 25,000. 

A model of the new UHF Q Meter 
Type 280-A will be exhibited in Booth 
No. 3101-3102 at rhe IRE Convention 
in March of this year. 

BOONTON RADIO 
PLANS EXPANSION 

Plans are well under way for the ex- 
pansion of Boonton Radio's product line 
and of irs facilities. Our Engineering 
Manager, John P. Van Duyne has been 
undertaking a broad program of expan- 
sion of our engineering personnel ro in- 
crease rhe number of precision electronic 
instruments introduced in the field. 

A new site, comprising 70 acres, has 
been purchased in Rockaway Township 
four miles west of the Company s present 
Plant. This sire is approximately 36 
miles west of New York City and is 
reached directly by Route 46 from the 
George Washington Bridge to rhe newly 
completed Route 80 which passes within 


one mile of che new site. 

A new building is planned for com- 
pletion in I960 which will contain ap- 
proximately 60,000 square feet. This 
building will be two and one-half times 
larger than the Company's present 
quarters. 

The new building will be equipped 
with modern machinery and new meth- 
ods which will lead to better control and 
more precise manufacturing procedures 
for our present instruments. New tech- 
niques and new operations are being in- 
cluded to take care of specialized and 
more precise manufacturing methods 
needed for new instruments which are 
being introduced at the IRE in New 
York in March as well as new instru- 
ments which are planned for the future. 

The initial building Is part of a master 
plan which is being completed for the 
new sire. This master plan includes a 
much larger program of building and 
expansion which it is expected will be 
carried out during die next five years. 

This planned expansion of our staff 
and our facilities will place rhe Company 
in a position to produce a larger line of 
precision electronic instruments and co 
manufacture equipmenr for which tech- 
niques have not been available in our 
currently used facilities. 
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ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
120 San Pedro Drive, S.E. 
Telephone: AMhent 8-2478 
TWXi A Q 70 


DAYTON 19, Ohio 
CROS5LEY ASSOC, INC. 

2B01 Far HMU Avenue 
Telephone: AXminster 9-3594 
TWX: OY 306 


HUNTSVILLE, Atobamo 
BIVINS & CALDWELL, INC. 
Telephone; jEfferion 2-5733 
(Direct line to Atlanta) 


RICHMOND SO, Virginia 
BIVINS & CALDWELL, INC. 
1219 High Poinl Avenue 
Telephone! Elgin 5-7931 
TWX: RH 586 


ATLANTA, Georgia 
BIVINS & CALDWELL, INC. 
3133 Maple Drive, N.E. 
Telephone: CEdar 3-7522 
Telephone: CEdar 3-3698 
TWXi AT 987 


BINGHAMTON, New York 
6. A. OSSMANN 4 ASSOC., 
149 Front Street 
Venial, New York 
Telephone: STillweU 5-0296 
TWXt ENDICOn NY 84 


NC. 


BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
50 Intervale Road 
Telephone: DEerfieLd 4-3200 
TWX i BOONTON NJ 866 


BOSTON, Maisac/iuieHs 
INSTRUMENT ASSOCIATES 
30 Parle Avenue 
Arlington, Mou. 

Telephone! Mission 6-2922 
TWXi AftL MASS 253 


CHICAGO 45. Ulinaii 
CROSSLEY ASSOC., INC. 
2711 Weil Howard Street 
Telephone: SHeldrake 3-6500 
TWXi CG 506 


DALLAS 9, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 In wood Rood 
Telephone: FLeetwood 7-1881 
TWX: DL 411 


DENVER, Colorado 
GENE FRENCH COMPANY 
3395 South Bannock Street 
£n ale wood, Colorado 
Telephone: SUnset 9-3551 
TWX: ENGLEWOOD COLO 106 

EL PASO, Texa$ 

EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
T elephoa e! K Eysto ne 2 -726 1 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone! CHopel 6-5686 
TWXt HF 266 

HIGH POINT, North Carolina 
BIVINS & CALDWELL, INC 
1923 North Main Street 
Telephone: High Point 2-6873 
TWX: HIGH POINT NC 454 

HOUSTON 5, Texas 
EARL LIPSCOMB ASSOCIATES 
3625 Richmond Avenue 
Telephone t MOhawk 7-2407 
TWXi HO 967 



INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC, 

5420 North College Avenue 
Telephone: Clifford 1-9255 
TWX: IP 545 

LOS ANGELES, California 
VAN GROOS COMPANY 
21051 Costa me Street 
Woodland Kills, Californio 
Telephone: Diamond 0-3131 
TWX: CANOGA PARK 7034 

ORLANDO, Florida 
B/VINS A CALDWELL, INC. 
723 Weil Smith Avenue 
Telephone: CHerry 1-1091 
TWX: OR 7026 

OTTAWA, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
48 Sparks Street 
Telephone: CEntrol 2-9821 

PHOENIX, Arizona 
GENE FRENCH COMPANY 
224 South Hinton Avenue 
Scottjdole, Arizona 
Telephone: Whitney 6-3504 
TWX: SCOTTSDALE, ARIZ 109 
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ROCHESTER 10, New York 
E. A. OSSMANN fit ASSOC., INC. 
830 Unden Avenue 
Telephone: LUdlow 6-4940 
TWXt RO 189 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Loa Alto* Avenue 
Lot Altai, Californio 
Telephone: WHtiedlH 8- 7266 

ST. PAUL ) 4, Minnesota 
CROSSLEY ASSOC., INC. 

842 Raymond Avenue 
Telephone: Midway 6-7881 
TWX: ST P 1)81 

SYRACUSE , New York 
E. A. OSSMANN & ASSOC., INC- 
2363 Jo me* Street 
Telephone: HEmpUeod 7-8446 
TWX: SS 355 

TORONTO, Ontario, Canada 
8AYLY ENGINEERING, LTD. 

Hunt Street 

Ajax, Ontario, Canada 
Telephone: AJax 118 
(Toronto) EMpire 2-3741 
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Applications of The Q Comparator 

CHARLES W. QUINN, Sales Engineer 
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Figure 1. Operator chicks component on the Q Comparator. 


The Q Comparator Type 265-A has 
been previously discussed from the 
standpoint of detailed description and 
developmental considerations in Issue 
Number 17 of the Notebook. 1 This 
article covers the many and varied pro- 
duction applications of the instrument. 
Included axe the obvious applications as 
well as some which are specialized and 
tailored to specific measurement 
problems. 

Brief Description 

In a few words, the Q Comparator is a 
sweep-frequency Q Meter that indicates 
Q, L, and C in relative terms. Mechani- 
cally it comprises two units; the Oscil- 
lator-Detector Unit and the Indicator 
Uoic (Figure I). 

When using the Q Comparator it 
must be remembered that the presenta- 
tion is rhe result of sweep frequency 
in jection, The i n di ca ti on may occasi onally 
differ from a single frequency measure- 
ment. However, with the use of nominal 
and limit standards, this difference in in- 
dication, if any, can be reconciled. A 
nominal standard is defined as a com- 
ponent which has been selected as being 
the mean value ro which all other units 
are compared. For example, if ±10% 
is the specification tolerance, a nominal 
standard with an absolute value known 
to ± 1 % would be used. In this instance, 
one would work to a specification toler- 
ance of ±9%. 

Improved accuracy and better correla- 
tion can be provided by means of limit 
standards. These standards are used in 
the same way as nominal standards but 
are made up to provide greater accura- 
cies within the tolerance limits than are 
attainable with the nominal standards. 
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Purpose and Design Considerations 

The purpose of the Q Comparator is 
the solution of quantity electrical meas- 
urements on a comparative basis with 
speed, ease, accuracy, and reliability. The 
instrument has been mechanically and 
electrically designed with the user in 
mind. First, the cost has been kept ro a 
minimum commensurate with reliability, 
accuracy, readability, and minimum op- 
erator technical ability. The instrument 
requires a minimum amount of set-up 
time (about the time required to make 
one measurement on a Q Meter, which 
is a laboratory instrument for absolute 
measurement). Optimum simplicity, 
elimination of special tubes, speed of 
readout, and quantity testing of com- 
ponents and circuits were also imporraar 
considerations. 

Electronically and mechanically the Q 
Comparator has been designed to serve 
the following industry functions: 

1. Incoming inspection. 

2. Process inspection and cootxoL 

3. Quality control 

Principal of Operation 

The heart of rhe Q Comparator is the 
Detector Unit or RF Unit which is 


shown in block diagram form in Figure 
2. Once the configuration io Figure 2 
is thoroughly understood, applications of 
the instrument will become apparent to 
the reader or user who has an unsolved 
or singular problem in the electrical 
measurement field ( BRC and the writer 
are very much interested in applications 
of this type and hope chat the reader 
will nor hesitate to discuss them with us.) 

The motor -driven capacitor shown on 
the left-hand side of Figure 2 sweeps 
the center frequency of the oscillator. 
Output from the oscillator is maintained 
constant over the sweep- frequency range 
by the dynamic limiter. From this point, 
the RF signal is shunt fed through a 
small differential capacitor to the HI- — 
L-C terminals. A so-called "infinite im- 
pedance" detector and balancing stage 
form a differential amplifier to drive the 
indicator unit. The horizontal trace is 
generated simultaneously by the sweep 
capacitor. 

Set-Up Procedure 

The detailed set-up procedure is given 
in Notebook No. 17. The production 
units are as described therein with ooe 
exception: the L-C ranges are ±20% 
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or ±5%. 

Briefly, rhe nominal component is 
mounted in a suitable jig and connected 
to the terminals on the Oscillator-Detec- 
tor Unit. With the intensity at maxi- 
mum, the SELECTOR switch is set to 
CENTER Q and the CENTER Q control 
is adjusted to center the reference line 
on rhe face of the scope. At the same 
time, the TRACE WIDTH control is 
adjusted to bring the trace within the 
dotted lines on the scope face. The 
switch on the TRACE WIDTH control 
is set fully counterclockwise (±20% 
position) at this point. Then, with the 
SELECTOR sec to CAL Q, the CAL Q 
control is adjusted to bring rhe reference 
Line ro the lower limit on che scope face. 
The SELECTOR is now set to the USE 
position and we are ready to set up our 
nomimal component. 

Our problem now is to find the de- 
sired reasonaat point for the component 
involved. Generally time is saved by 
readjusting the CENTER Q control so 
that the base line is visible. The Q capa- 
citor and oscillator frequency are then 
swept manually until the reasonant curve 
appears approximately near the center 
ot the scope face. (The Q capacitor is 
adjusted from its maximum capacitance 
ox fully counter-clockwise position. ) The 
Q centering operation is repeated and 
the SET Q OF STD-COARSE control 
is adjusted so that the peak of the reso- 
nant curve is near the center of the scope. 
The dot is positioned at the peak of the 
resonant curve, the intensity is reduced, 
and the dot is focused by means of the 
proper controls. The SET Q OF STD- 
FINE control is then adjusted to center 
the dot vertically, and the capacitance 
or frequency is adjusted ro center the 
dot horizon tally. 

The above procedure sets up the Q 
Comparator to the ranges of Q ±25% 
and L-C ±20% or ±5%, che latter de- 
pending upon the position of the L-C 
TRACE WIDTH switch. However, this 
is by no means the limit of accuracy or 
resolution. This subject will be taken up 
in subsequent paragraphs. 


Basic Applications 
Inductor resting is the primary func- 
tion of the Q Comparator and is a direct 
measurement for values between 1 /ih 
and 15 mh by proper selection of fre- 
quency. Indirect measurements can be 
extended to 0.15/di and 50 mh by utili- 
zation of series and shunt techniques. 
(Dot presentation permits Q measure- 
ments from 30 ro 500 as specified. 
However, it has been found that in 
some cases useful curve presentations 
can be obtained down to Qs of 15.) 
The expected accuracy of indirect meas- 
urements will usually be less than thar 
of a direcr method. 

Capacitor testing is the second func- 
tion of the Q Comparator, and is an 
indirect measurement in that an external 
reference inductor muse be used. Capa- 
citance is virtually direct; that is, the 
accuracy is essentially as stipulated for 
inductors (for values of 500 pp i or 
greater) and is a function of the internal 


capacitance setting. By using minimum 
internal capacitance and maximum sweep 
expansion, approximately one micromi- 
crofarad can be spread across the face of 
the scope. This requires a choice of the 
resonating inductor for minimum distri- 
buted capacitance of less than 5 /xgf. 

Resistance measurements are indicated 
on the Q scale and are indirect measure- 
ments. This means thar these two resis- 
tance measurements are indicated as a 
change of Q with respect to the refer- 
ence inductor. 2 

Specific Applications 
Knowing that the Q Comparator is 
capable of relative measurements of the 
basic combinations of L, C, and R, we 
begin to chink of other components and 
circuits to which it may be applied as a 
two- rerminal indicating device. Some of 
these applications are listed below. 

Inductance Measurements 

1. Iron cores, shells, toroids and rods 
(powdered iron and feramic rype) 


may be tested. Relative permeability 
and Q (or dissipation factor) can be 
determined at a single glance. 

2. Inductors may be trimmed while 
mounted in position on the Oscillator- 
Detector Unit, The dor presentation 
greatly simplifies this operation since 
no judgement is requiredtodetermine 
rhe point at which a merer peaks, and 
the direction of the adjustment (plus 
or minus) is immediately indicated, 

3. L-C and R-C networks cao be com- 
pared, providing their impedance fa 11s 
in the general raage of Q Meter 
measurements. 3 

4. The self-resonanr frequency of a coil 
can be determined as follows. A work 
coil is used to obtain the resoaanc 
peak at the nominal frequency, then 
the coil to be tested (coil X) is con- 
nected ro the capacitor terminals. If 
the dor deflects vertically downward 
only, the resonant frequency is the 
same as rhe reference coil. Tf the dor 


defleas to the left, coil X is inductive 
and its resonant frequency is higher 
than the resonant frequency of the 
reference coil. If the dot deflects to 
the right, the resonant frequency of 
coll X is lower than the resonant fre- 
quency of che reference coil. The 
resonant frequency limits can be es- 
tablished by using Q Meter Type 
260-A in conjunction with the limit 
standards. 

Capacitance Measurements 

1. Quartz crystals (blanks or complete 
assemblies) may be checked for capa- 
citance variations as quickly as they 
can be inserted in the test fixture. 
This is performed at frequencies well 
below resonance. 

2. Vacuum tube capacitances; i. e., grid 
to cathode and plate to grid (in tri- 
odes), can be compared quickly. 

3- Variable capacitance diodes can be 
graded simultaneously for Q and ca- 
pacitance at the rate of approximately 



Figure 2, Block Diagram — Q Comparator. 
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600 to 1000 an horn with simple, 
manually -opera ted fixtures. 

4. Rapid relative dielectric constant 
measurements can be made when it is 
necessary to check for statistical or 
control purposes. 4 

5. When the dielectric constant of a 
material is constant, the Q Compara- 
tor can be used to indicate relative 
thickness. A fixture described in 
Notebook No. 8 could be used for 
this purpose. 4 The accuracy required 
will determine how elaborate the fix- 
ture must be and what is required to 
prepare the specimen for thickness 
and dielectric measurements. 

6. Relative moisture measurements of 
materials can be made. Since the Q 
Comparator uses an instantaneous 
two-d j mensional presen tation , rd a ti ve 
loss or resistance is always indicated, 
even in low-loss materials. If the 
material is hygroscopic and subjected 
to a controlled environmental humid- 
ity, rwo indications will be observed. 
Water, which has a dielectric constant 
of approximately 80, will theoretically 
effect the nominal dielectric constant 
of the material wheo it is dry. This 
will be observed as plus C on the 
indicator for materials with low di- 
electric constants. However, since the 
effect of moisture on the loss factor 
or Q is usually many times the effect 
on the dielectric constant, a decrease 
in Q will be much more obvious and 
would be an indication of the mois- 
ture content. 

5tafisf/ca/ Studies 
After a nominal coil has been set up 
as previously described, the dot will 
move on the scope face in accordance 
with the per cent variations of L and Q 
of the coils tested. This information is 
not only useful to an inspection depart- 
ment, but can also be utilized by pro- 
duction engineering groups in specifying 
manufacturing tolerances. For example, 
a new component, let's say a small choke 
coil, is contemplated as an addition to 
a line of products. This component is 
first designed in the engineering depart- 
ment. Several preproduction samples are 
made and checked in the laboratory. The 
next step is to prepare a pilot production 
run of a few hundred coils. These can be 
checked and graded on the Q Compara- 
tor in approximately fifteen minutes by 
a non -technical operator. This statistical 
information, together with a count for 
each grade, is then fed back to engi- 
neering and tolerance distribution 
curves, similar to those in Figure 3, are 
plotted and analyzed. In our example, 



curve (a) in Figure 3 indicates that the 
inductance is averaging approximately 
5 % below the expected normal. It is 
immediately evident that action should 
be taken to move this distributioo curve 
toward the zero point, or to adjust the 
specifications. This unexpected picture 
prompts us to ask, "Why the difference 
between the prototype and the pilot 
run?" .Possible answers might be dif- 
ferences in coil form diameter, wire 
spacing, lead mounting, and lead dress. 
These effects can be checked by con- 
trolled production runs, analyzed as above. 

Another story is told by the Q Com- 
parator as shown in Figure 3. Here Q 
behaves virtually the same as the proto- 
type with a few miscellaneous deviations 
from the proposed nominal value. 
Greater yield will result if a few simple 
precautions are taken which are sug- 
gested by the curve. Since the Q read- 
ings are predominatly below the standard, 
one would expect, for example, that the 
difficulty is an erratic tensioning system, 
defective forms, contaminated coatings, 
or a hygroscopic problem. 

In the above example we have dealt 


with a case where the components or its 
specifications may be altered as the re- 
sult of a statistical study. A similar 
method can be used to grade components 
to cover a range of cataloged values 
when the absolute value is difficult to 
control. For example, suppose it is de- 
sired to grade capacitor diodes over a 
range of 5 to 30 in 5 >quf steps. The 
circuit io Figure 4 would be used to 
connect the component to the Q Com- 
parator and to provide the proper bias 
voltage. A nominal value CN would be 
set up as follows. Assume C equals 23 
yjtjuf. If we set one half C equal to 20% 
(the maximum range of the Q Compa- 
rator) we can compute the set up for 
our desired display of 5 to 30 g/if. If 
CN 

— — = 12.5 /-yef, then x — 62.5 g/J 

nominal capacitance. We now refer to 
our reactance charts to determine the 
frequency aod inductance required foi 
these conditions. One hundred micro- 
henries at 2 megacycles is one possible 
combination of frequency and inductance 
that will be satisfactory. Using this as a 
starting point, the frequency and inter- 
nal capacitance can be adjusted to place 
die limits exactly as desired, and the 
CRT screen on the Q Comparator can 
be calibrated in 5 /i/if steps. 



Figure 4, CTrcvif connections for checking cap o- 
cslor diode* on the Q Comparator. 


A Speed Fixture 

Since speed of measurement is a basic 
advantage of the Q Comparator, we 
would naturally look for means to utilize 
ics potential. Figure 5 shows a manually- 
operated fixture designed to minimize 
handling and loading time, thereby 
speeding up component testing. This jig, 
or one constructed along similar lines, 
permits the checking of 500 to 1000 
pieces per hour. 

To go further, the Q Comparator can 
be used as the nucleons of an automated 
high volume testing system. For exam- 
ple, the component jig could be hopper 
fed and motor driven, and a photo elec- 
tric system could be used to reject out 
of tolerence components. The potential 
volume with such a system would be 
limited only by the feed system. 
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TEST COMPONENT LUCITE OR REXOLITE 



CONTACT SPRING Q COMPARATOR 
TERMINALS 

INSULATED PIVOT PIN SPRING 


Figure 5. A manually-oper atod fixture designed 
to jpeed up component testing on rho Q 
Comparator. 

Capacitors As Calibration Standards 

Capacitors are available in virtually 
limitless values acid increments and in 
tolerence ranges which axe adequate foe 
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use as standards. 

It is obvious that these capacitors can 
be used to calibrate discrete increments, 
but do: so obvious is the fact rhac the 
same scheme can be applied to coil test- 
ing. The first step is to measure the res- 
onariog capacitance on a Q Meter Type 
260-A for the nominal standard. Ler us 
assume the capacitance is 100 y.y f. Since 
L and C bear the same lelationship with 
respect to the resonant frequency. 5 1 
L equals 5% C within the spei rfied 
limits. If we wish to calibrate the 5% 
range in 1% iocreraencs, l incre- 
ments will be required. The nominal in- 
ductance standard is set up on the Q 
Comparator with 5 yp tf external capaci- 
tance and 95 gg-f internal capacitance. 
The 5 fi/Jbi capacitance is removed in 1 
l u/jI steps to calibrate the — L range and 
an additional capacitance of 5 yyl is re- 
moved in 1 ftyf steps to calibrate rhe +L 
range. This operation may be performed 


extremely rapidly. 

Summary 

The Q Comparator is a unique insrr- 
ment specifically designed for highspeed 
production testing of components aod 
networks in the RF range from 200 kc 
to 70 me Offering instantaneous and 
simultaneous readout of both Q and f,-C 
operation is extremely simple, and speed 
of measurement is limited only by the 
rare Jt which test components can be fed 
co the measuring circuit. 
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Typical Performance Data for the Type 225-A Signal Generator 

CHANNING S. WILLIAMS, Production Engineer 


The development of the General 
Purpose Signal Generator Type 225-A 
is covered in derail m Notebook No. 
21. 1 The catalog specifications define 
the limit performance capabilities quire 
completely. However, rhe collection of 
data from additional instruments in pro- 
duction more clearly defines the typical 
levels of performance. This article des- 
cribes the performance levels of seven 
typical instruments and is written for 
the guidance of the user who is inter- 
ested in characteristics not usually speci- 
fied. It should be nored that, while the 
data given in this article is typical, it in 
no way modifies the calalog specifications. 

Radio Frequency Characteristics 

Frequency stability is defined as the 
maximum percentage frequency excur- 
sion during a stated time interval For 
example, the long-term stability speci- 
fied in rhe catalog for 1 hour (after a 2- 
hour warm up) is 0.01% of the carrier 
frequency or Jess. 

Warm Up Time 

A typical instrument achieved the 
above defined stability iq l A hour at 10 
me, 1 hour at 80 me, V5 hour at 160 
me, and Vl hour at 320 me. Warm up 
time did not exceed 1 hour at any 
frequency. 

^Gorss, Charles G>, "A General Purpose 
Precision Signal Generator", BRC Notebook 
No. 21, Spring 1959- 


Long-term Stability 

After 2 hours warm up, RF drift for 
1 hour typically varies from 0.001% co 
0.005% of the operating frequency. The 
sample stability tape (Figure 1) shows 
rapid adjustment during the first Vi 
hour. Drift during succeeding hours is 
progressively smaller down po the min- 
ute changes caused by line variations, 
FM due to noise, etc. Final stability may 
rake 10 hours to achieve and has been as 
good as 300 cycles per hour at 100 me. 



Figure 1. A graphic record of the long-term Rf 
stability of the 225-A. 


Short-term Stability 

The short-term stability, as specified 
in the catalog, is 0.001% or less of the 
carrier frequency for a 5-minute inter- 
val after a 2 -hour warm up. This Stabili- 
ty varies from 0.0001% to 0.00075% 
of the operating frequency. After 10 
hours warm up, die frequency change 
at 100 me has been as low as 80 cps 
for 5 -m inures or 0.00008% of the op- 
erating frequency. 

While measuring short-term stability, 
sudden perturbations in frequency oc- 
curred which displayed steep slopes. 
These are caused by noise from the os- 
cillator cubes. Note in Figure 2 that 
the total excursion is minute In each 
case, even though the rare of change may 
be rapid. 

Stability After Operating Controls 

During normal operation of a signal 
generator the frequency controls may be 
set for one frequency and then changed 
to another. In a wide range, continu- 
ously tunable oscillator, there ate many 
factors which affect rhe temperature of 
frequency determining elements. Most 
important among these factors is the de 
power through the tube and the RF cur- 
rent in the inductor. These values are 
affected by several factors: oscillator 
efficiency, which is a function of the 
tank circuit impedance for fixed opera- 
ting conditions; the amount of feedback. 
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TABLE 1 


Tim* Required re Slablllxt to 0.001% of rh* Carr lor fr*qu*nry for i MEnutot 


Rang* 

Frequency 

Maximum Mlnut«i for 
10% RF Chang* 

Maximum Minuin for 
20% (IF Chang* 

1 

1 Onx” 

9 

LI 

2 

35 me 

10.3 

7 

3 

68 roc 

13.8 

13.8 

4 

1 10mc 

4.3 

6.2 

3 

230mc 

4.3 

4.0 

6 

270me 

3 

2.31 

Avenge of *11 readings 

2.64 

6.JS 


which is also a function of frequency; 
rhe operating point of a self -biased os- 
cillator, which is dependant on the fore- 
going; and the tightness of coupling 
to the load, which varies from range to 
range. Any change which affects the 
level of operation will require some def- 
inite time to stabilize, due to the ther- 
mal capacity of the parts involved. We 
may define the point where stabilization 
occurs as the start of the first 5-minure 
interval where the change in frequency 
is less than 0.001% of the operating 
frequency. Table 1 shows a summary of 
data for runing changes of approxi- 
mately 10% and 20% of the carrier 
frequency. It should not be assumed 



Figure 2. A graphic reeord of tha shorM*/-rn 
AF liability nf the 2 25- A. 


thar a change of 20% will take twice as 
long to stabilize as a change of 10%. 
For 31% of the carrier frequencies 
tested for stabilization, the instrument 
"stabilized" as defined above, within 
Vi minute. 

Data from a typical instrument indi- 
cates that, when operating the Range 
Switch, an average of 7.7 minutes is re- 
quired to stabilize to within 0.01% of 
operating frequency for 1 hour, and 17 


minutes to stabilize to within 0.001% 
of operating frequency for 3 minutes. 
The longest stabilization time is required 
by range three, which requires 13 min- 
utes to stabilize within 0.01% for l 
hour, and 35 minutes to stabilize within 
0.001%, for 5 minures. 

For convenience in specifying changes 
in frequency which occur when varying 
the RP level control, the 10% and 20% 
marks on the meter were selected as RP 
level reference points. For che change in 
RF level with the frequency dial set near 
the low frequency end, an average 
change for all 6 ranges was 0.0016% 
of the carrier frequency. Near mid range 
rhe average for all ranges was 0.0022%, 
and at che high frequency end, the aver- 
age for all ranges was 0.007%. A maxi- 
mum change of 0.018% of the operating 
frequency occured at 19 me on range 1. 
From 10 to 90 me. an increase in R.F 
level caused an increase in operating 
frequency. The change occured in less 
than 5 seconds at all points. Of course, 
this change is generally unimportant to 
the user since all calibrations have been 
made with the RP level set to red line, 
where the instrument should be used. 

If operation of the generator requires 
frequent adjustment of the attenuator 
near the 100,000 microvolt level, it is 
convenient to compensate for the loading 
effect of the piston on the output tank 
circuit. Compensation may be achieved 
by detuning the amplifier trimmer 
slightly counterclockwise, until variacion 
in the atrenuaror setting causes no visible 
change in the RF level meter indication. 
(Compensation will be accompanied by 
a slight increase in residual FM.) 

The amplifier tank will now have 
more capacitance than at peak (i. e., will 
be tuned lower in frequency than rhe 
peak). Since the piston loop is in effect 
a shorted turn which will decrease rhe 
inducrance of the amplifier tank when 
coupled closer to it, increased coupling 
will move the peak of the amplifier res- 
onance curve up in frequency. Therefore, 
a judicious detuning of the amplifier 


will allow these two effects to nearly 
cancel, thus eliminating apparent reac- 
tion on the red line reading as the out- 
put is varied. 

With the attenuator compensated as 
described in the preceeding paragraph, 
rhere was less than 50 cycles frequency 
change as a result of varying the attenu- 
ator from 20,000 microvolts to 100,000 
microvolts over the full range of the 
instrument. When the attenuator was 
uncompensated the change in frequency 
due to loading was of similar magnitude. 

The deienting resettabiliry, or change 
of operating frequency, when moving 
rhe Range Selector to a high cam posi- 
tion between ranges momentarily and 
resetting to the same range, is less than 
0.01% of the operating frequency when 
detenring from either side and about 
0.006% when dcienring from one side. 
Variation in frequency caused by "rock- 
ing" the Range Selector within the detent 
was less than 0.006% for all frequencies. 

Ambient Temperature 

An ambient temperature change for a 
typical instrument caused a 0.03% fre- 
quency change per degree centigrade at 
320 me and a 0.006% frequency change 
per degree centigrade at 20 me. Fre- 
quency stability for a 5-volt line change 
was 25 cycles at 10 me and 500 cycles 
at 320 me All frequency changes oc- 
curred in Jess than Vi minute. 

Amplitude Modulation 
Characteristics 

One of die char a a eristics measured 
during the data taking process was inci- 
dental FM due to 30% AM, The method 
described below was used to measure 
incidental FM, residual FM, and desired 
FM. The test set up, shown in Figure 3, 
is actually a wide band receiver employ- 
ing a descriminator with very good AM 
rejection. Limiting is achieved in the 
H-P 500B frequency meter. The input 
to this frequency meter must be suffi- 
cient to saturate it. The other instru- 
ments used are typical of many that will 
do the job. The audio amplifier used 
was a 2% instrument covering 10 to 
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Figure 3. Test tel up tar measuring incidental FM on the 225- A. 

TABLE 2 


Range 

RF 

Dev lotion 
Cycles 

1000 cps 
Modulation 
RMS Vdhoge 

Limiting 

Factor 



1 

10,7 

1.740 

25 

10% Din. 



2 

21 

2.170 

20 

10% Djsi. 



2 

30 

7,550 

26 

)0% Din, 



3 

40 

4.360 

24 

10% Din. 



4 

70 

1 1 ,000 

24 

10% AM 



4 

n 

22.300 

26 

10% Din. 



4 

LOO 

25.000 

24 

10% Din. 








for 5,000 

Deviation 






RMS Voltage 

Resistor* 

5 

148 

7.750 

20 

10% Disr. 

13.7 Voles 


5 

155 

6,900 

18 

10% Disr. 

12.8 


5 

155 

10,300 

21 

10% Din. 

L0.6 


5 

170 

7,050 

16 

10% Di st. 

12. 6 


5 

174 

9,650 

L9 

10% Din. 

10.2 


5 

165 

22,100 

23 

10% Din. 

5.3 

4,700 Ohms' ■ 

3 

205 

22.100 

20 

10% Din. 

4.7 

5.600 

5 

216 

15.050 

17 

10% Din, 

5 7 

3,900 

5 

220 

2 5,300 

21.5 

10% Dist- 

4.1 

6,800 






For 75,000 

Deviation 






RMS Voltage 

Resistor* 

6 

450 

131.000 

24 

10% Dist. 

10 Volu 

1.000 Ohms 4 ' 

6 

455 

263,000 

25 

10% Din. 

7.1 

2,200 

6 

460 

188,000 

16.5 

10% AM 

6.6 

2.700 

6 

465 

2{ [ ,000 

16.5 

10% Din. 

5.9 

3.300 

6 

470 

460.000 

23.5 

10% Din. 

3.8 

8,200 


■Resistor connecting interna) oscillator to FM audio input. 
1 4 Recovered audio distortion less than 4%. 


150,000 cps. The local oscillator is an- 
other Type 22 5- A Signal Generator. The 
local oscillator is set at 100,000 micro- 
volts and the output of the generator 
under test is set at 20,000 ro 50,000 
microvolts. This difference is necessary 
to insure linear operation of the mixer. 
The setup used permits the reading of 
deviations of less than 100 cycles. Verti- 
cal deflection represents deviation. 

To measure the incidental FM, which 
we define as frequency deviation due to 
amplitude modulation, the generator un- 
der test is modulated 30% with 1000 
cps and the scope pattern is measured 
from peak to peak (less the width of the 
trace). With no modulation, the indica- 
tion then represents residual FM from 
all sources other than AM. A typical 
225-A Signal Generator exhibits 400 to 
800 cycles incidental FM at 18 me and 
even less at other frequencies. For ex- 
ample, 200 to 350 cycles incidental FM 
is exhibited at 160 me. 

The incidental FM due to 30% AM, 
as measured oq a typical instrument for 
audio frequencies of 400, 1000, 4000, 
aod 10,000 cps at carrier frequencies up 
to 20 rac, showed no dependance on 
modulating frequency. 

Frequency Modulation 
Characteristics 

Although the instrument was basically 
designed for amplitude modulation, pro- 
vision has been made for frequency 
modulation from an external source. The 
resulting FM is useful over the 160 to 
500 me portico of the range. 

The audio response of the FM chan- 
nel is dowo 3 db at 400 and 12,000 cps. 
It is also possible to obtain narrow devi- 
ation FM from the internal modulation 
oscillator by connecting a resistor from 
the AM external modulation binding 
post to the FM binding post. Use of a 
resistor as low as 1000 ohms for this 
purpose will not significantly increase 
the distortion on the modulating signal. 
See Table 2 for typical deviations ob- 
tainable with different resistor values. 

Modulating Oscillator 
Output from the internal audio oscil- 
lator is available at the AM binding post 
when the AM Selector is in either the 
400 or 1000 cps position. This output is 
approximately 12 volts RMS and ty- 
pically has 0.6% distortion with no ex- 
ternal load. The distortion of the 
modulating oscillator in a typical instru- 
ment, when grounded externally through 
3300 a Is 0.9%. 

Pulse On-Off Ratio 
The generator output may be pulsed 
by applying a pulse ro rhe AM modula- 


tion terminals with the AM level control 
in Pulse position. Typical DC pulse on- 
off ratio for —10 volts bias is given 
below. 

10 me 40 db 

15 me 36 db 

L50 me 25 db 

700 me 24 db 

450 me 22 db 


Conclusion 

The Type 225-A Signal Geoerator is 
a truly general purpose generator, pro- 
viding exceptionally low incidental FM 
and excellent frequency stability. It is 
hoped that this additional information 
regarding the performance of the instru- 
ment will prove valuable to the user aod 
increase the utility of his 225- A Signal 
Generator. 
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MEET OUR REPRESENTATIVES 

EDWARD A. OSSMANN AND ASSOC., INC. 


Edward A. Ossmann acid Assoc., Inc. 
has sold and serviced BRC instruments 
in che Upstate New York area* continu- 
ously since 1947. The Company main- 
tains its headquarters in Rochester, with 
branch offices in Syracuse and Bing- 
hamton. 

Edward Ossmann, founder of che 
Company, obtained his EE degree from 
Manhattan College in 1943, After serv- 
ing successively as Test Engineer for 
General Electric Co. and Engineering 
Manager with the DuMooc Laboratories, 
Mr, Oss/nann entered the field of Sales 
representation in 1946. This was the be- 
ginning of a career which was to see his 
organization progress from a one-man 
effort to the 23'employee organization 
it is today. 

After the untimely death of Mr. 
Ossmann in 1959, Mr. Roy Smart, who 
had joined the organization early chat 
year, became a Director of the Company, 
and serves now as Vice-President and 
General Manager. Mr. Smart, a native of 
England* moved to Toronto, Canada in 
1947. He held the post of Works Mana- 
ger for the Instrument Division of Fer- 
ranti Electric* Led. from that year until 
1954, when he became Manager of the 
Canadian Division of Helipot Corp. He 
held the latter position until 1955 when 
he joined the Ossmann organization. 

Sales Manager of the Company is Mr. 
John Jordan who joined the Organization 
in 1958, bringing with him years of 
experience as Electronic Engineer with 
Beil Aircraft and Area Sales Manager 
with Motorola. 

The Company established tbeir head- 
quarters in a new building in Rochester 
in 1955, Over 6000 square feet in area, 
the building comprises complete office, 
service, ana warehouse facilities. The 
main functions of accountinganddetical 
services are carried out at this location, 
although both the Syracuse and Bing- 
hamton branches are equipped to pro- 
cess and expedite customer orders. All 
locations have TWX and Western Union 
service and are in constant communica- 
tion with the Company's principal 
factories. 

All of the instruments sold by the 
Company are serviced by Brighton Elec- 
tronic Laboratories, a Division of Ed- 
ward A. Ossmann and Assoc. This 
group is completely equipped to provide 
calibration and repair service on all 
BRC instruments. 



Bdward 4. Owmonn & Anot. headquarter* 
in Rochester, AT Y. 


Edward A. Ossmann and Assoc, has 
endeavored over the years to sell and 
service only the finest precision electro- 
nic ins trumen cation. It is their firm be- 
lief that initial sale of an instrument 
represents only a small part of their 
obligation to their customers. To assist 
in the selection of proper instrumen- 
tation for each individual application, 
and to provide quick and reliable repair 
service to insure that the instruments 
they sell continue to fulfill die customers 
needs is, they believe, their primary 
objective. 

BRC is proud of its association with 
Edward A. Ossmann and Assoc, and is 
grateful for the record of dependable 
service this Company has rendered to 
our many customers in the Upstate New 
York area. 

SERVICE NOTE 

Checking RX Meter Calibration 

The following techniques are given 
as an aid to those persons responsible 
for the maintenance and calibration of 
the RX Meter Type 2 50- A. It is not in- 
tended that che methods described be 
used to establish absolute calibration of 
the instrument, bur rather, to provide 
an approximate or relative check as well 
as an indication of a change in calibra- 
tion. In many cases, the techniques des- 
cribed will obviate the need for returning 
to the factory instruments which are 
thought to be performing improperly. 
Rp DIAL 

The Type 5 15-A Coaxial Adapter Kit, 
with its 50-ohm termination resistor, 
will check the Rp dial over the entire 
frequency range at the 50-obm point. 
For checking other points on the Radial,, 
stable film resistors with short and con- 
trolled lead shape aod length may be 
connected to the RX Meter terminals 
and used to prepare frequency curves of 
R p . This should be done after the instru- 
ment is received from the factory, or at 
a time when the calibration is known to 


be accurare. The film resistors, appro- 
priately labeled, together with the curve 
data, could then serve as reference stand- 
ards for the activity responsible for in- 
suring proper operation of the 
instrument. 

C p DIAL 

High quality capacitors with short and 
controlled lead shape and length may be 
connected to the RX Meter terminals 
and used to check the calibration of che 
Cp dial. When the instrument is known 
to be accurately calibrated, the capacitors 
are used to prepare frequency curves of 
Cp. The labeled capacirors, together with 
the curve data, are then used as refer- 
ence standards for subsequent call brat ion 
checks or the C p dial. 

A precision variable capacitor may be 
similarly used to check the C p dial cali- 
bration as follows. 

1. Select a coil that will resonate with 
the precision capacitor at 120 gg f with 
the RX Meter C P dial set to +20 

at a frequency in che lowest band, 
(500-1000 kc). 

2. Connect the coil and the precision 
capacitor to the RX Meter terminals, 
using the shortest leads possible. 

3- Set che RX Meter at zero Cp, the 
precision capacitor to 11 5 g/if , and ad- 
just the frequency until a null is obtained. 

4. Decrease the capacitance of the 
precision capacitor in the desired steps 
(e. g., L0 ppf) and readjust the RX 
Meter Cp dkl for null. 

5. Record the C p dial readings from 
which a cali brat ion curve can be prepared. 

W. J. CERNEY JOINS 
BRC AS SALES ENGINEER 

Many of our customers in che Metro- 
politan Philadelphia and Washington, 
D. C. area have already met Willard J. 
"Will" Cerney, recent addition to the 



W. ^ CERNEY 
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BRC Sales Engineering staff, daring his 
visits to those areas. "Will" came to BRC 
from Link Aviation, Inc. where he 
worked with instrument trainers, simu- 
lators, and associated testing systems* and 
participated in that Company's training 
program. Before that time, he was em- 
ployed by Harnishfager Corp. of Mil- 
waukee, Wisconsin where he assisted in 
the setting up of a new production 
control system. 

' ' W ill” at tended t he M Jl wa a kee School 


Again this year, the problem coil 
displayed at the BRC during the IRE 
show drew a host of hopefuls armed 
with slide rules, pad ana pencil, and 
crystal balls. Viewing the "monster coil” 
from every conceivable angle, they slow- 
ly lapsed imo a stupor, seemingly obli- 
vious to a)l the commotion around rhem. 
Moments later, once again among the 
living, our friends began their frenzied 
manipulation of slide rules and delved 
into page after page of complicated 
mathematical compu rat ions. With the 
last stroke of the pencil their faces 
broke into a smile rivaling that of the 
cat who joined in the search for the 
missing canary and they quickly jorred 


of Engineering, the University of Min- 
nesota, and Broome Tech* in Bingham- 
ton, New York. While with the U. S. 
Army frpm 1948 to 1952, lie gained 
experience repairing radar, navigational, 
and communications equipment. 

During the shorr time he has been 
with BRC, ,r Wjll” has been instrument 
in solving many customer problems and 
would welcome the opportunity to be of 
funher service to our many customers 
in this area. 


down their estimate on the contesr card. 
They were last seen as they disappeared 
into the stampeding crowd. 



The coil has been measured and the 
story can be told. The Q of the coil, 
measured at 500 me on a developmental 
model of the UHF Q Meter Type 280, is 
395. The inductance of the coil is 
9-3 m^th. 

Winner of che contest and the Type 
160-A Q Meter is William F. Byers of 
General Radio Co. in West Concord, 
Mass. Other contestants whose estimates 
are certainly worthy of note are listed 
below. 

Estimate 

366.5 J. H. Marches^ Data Control Sys- 
tems, Inc, Danbury, Coau. 

366.5 E. H. Scanadl, Jr., Ft, Trumbull, 
New London, Conn. 

392 F. Hafecd, North Electric, 

Gallon, Ohio 

393 J.F. Pry rt, Okon ite Co., Passaic, NJ. 

390 D. T Walker National Lead Co., 

South Amboy, N. J. 

400 J. Bullinga, National Coil Co., 
Sheridan, Wyo. 

400 W. D. Street, Delta Coil, Inc, 
Paterson, N. J. 

400 Vincent Vinci, Vitro Labs, 

W. Orange, N. J. 

403 Alan Sobel, Polytechnic Institute of 
Brooklyn, Brooklyn, N. Y. 

405 George KeLk, George Kelk Ltd., 
Willowdaie, Ontario, Canada 

405 Harry M. BLooabaum, Radio Corp. 

of America, .Camden, N. J. 

Our congratulations to Mr. Byers and 
sincere thanks to our many friends who 
visited us at the show. 


EDITOR'S NOTE 
Q Meter Contest Winner 




ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
7900 ZunL Road 5E 
Telephone: AMherrt 8-2478 
TWXi AQ 70 

ATLANTA, Georgia 
BIVINS L CALDWELL INC, 

3133 Maple Drive, N.E. 

Telephone* CEdor 3-7522 
Telephone: CEdor 3-3598 
rWX: AT 907 

BINGHAMTON, New York 
E. A. OSSMANN & ASSOC., INC. 
149 Front Street 
Vestal, Now York 
Telephone: STIIIwell 5-0294 
TWXi ENDICOTT NY 84 

BOON TON, Now Jersey 
ROONTON RADIO CORPORATION 
50 Inter vole Rood 
Telephone: OEerfleld 4-3200 
TWX: BOONTON NJ 866 

BOSTON, Massachus*Ht 
INSTRUMENT ASSOCIATES 
30 Park Avenue 
Arlington. Mon. 

Telephone] MUelon 6-2922 
TWXi ARL MASS 253 

CHICAGO 45, lllinolt 
CROS5LEY ASSOC-, INC. 

2501 W. Peterson Ave. 

Telephone: SRaadwoy 5-1600 
TWXi CGJOft 

DALLAS 9, Texas 
EARL LIPSCOMB ASSOCIATES 
3605 fnwood Road 
Tetephon#: fleet wood 7-1 Ml 
TWXi DL 411 


DAYTON 79, Ohio 
CROSSLEY ASSOC., INC 
2801 Far Kill* Avenue 
Telephone: AX mini tor 9-3594 
TWX: DY 306 

DENVER 75, Colorado 
GENE FRENCH COMPANY 
1480 Hoyt Streel 
Telephone: MAin 3-1458 
TWXi LAKEWOOD COLO. 106 

EL PASO, Texoi 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone: KEy&tone 2-7281 

HARTFORD, Copneeticuf 
INSTRUMENT ASSOCIATES 
734 Azylum Avenue 
Telephone: CHapel 6-5684 


HIGH POINT, North Caro/too 
BIVINS 8 CALDWELL, INC. 
1923 North Main Street 
Telephone: High Paint 2-6873 
TWXi HIGH POINT NC 454 

HOUSTON 5, Texas 
EARL LIPSCOMB ASSOCIATES 
3625 Richmond Avenue 
Telephone: MOhawk 7-2407 
TWX] HO 947 


HUNTSVILLE, Alabama 
BIVINS 8 CALDWEU, INC. 
Telephone! JEfferson 2-5733 
(Direct Une to Atlanta) 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC. 

5420 North College Avenue 
Telephone] CUHord 1-9253 
TWXi IP 545 

LOS ANGELES, Calllornia 
VAN GROGS COMPANY 
21051 Castoneo Street 
Woodland Hills, Californio 
Telephoive: Diamond 0-3 131 
TWXi CANOGA PARK 703* 

ORLANDO, Florida 
BIVINS 8 CALDWELL, INC. 
723 West Smith Avenue 
Telephone: CHerry 1-1091 
TWX: OR 7026 

OTTAWA, Onfario, Canada 
6AYLY ENGINEERING, LTD. 
46 Sperlu Street 
Telephone: CEntroF 2-9821 

PHOENIX , Arizona 
GENE FRENCH COMPANY 
224 South Hinton Avenue 
Scottsdale, Arizona 
Telephone: Whimsy 6-3504 
TWXi SCOTTSDALE, ARIZ 109 


. — y twXi scons da 
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RH.MMVNU JO, Virginia 
BIVINS L CALDWELL, INC. 

1219 High Point Avenue 
Telephone! Elgin 5-7931 
TWXt RH 586 

ROCHESTER 70, New York 
E. A. OSSMANN 6 ASSOC, > INC. 
830 Unden Avenue 
Telephone i LUdlow 6-4940 
TWX i RO 189 

SALT LAKE CITY, Utah 
GENE FRENCH COMPANY 
138 South 2nd Eait 
Telephone] EMpfre 4-3057 
TWX: SU 253 

SAN fftANC/SCO, CalHornta 
van groos company 

1178 La* Altos Avenue 
Los Aitoe, Californio 
Telephone] WHUecliff 8-7266 

ST. PAUL 14, Minnatota 
CROSSLEY ASSOC., INC. 

842 Raymond Avenue 
Telephone: Midway 6-7681 
TWX] ST P 1181 

SYRACUSE , New York 
E. A. OSSMANN & ASSOC., INC. 
2363 Jomes Street 
Telephone: HEmpstoad 7-B444 
TWX: SS 3 35 

TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 

Hunt Street 

Ajax, Ontario, Canada 
Telephone i AJax 118 
(Toronto) EMpire 2-3741 
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Transistor Current Gain Determination With The 
Transistor Test Set And The RX Meter 

CHARLES W. QUINN, Sales Engineer 



This article preseats a discussion of a 
method for determining transistor para- 
meters fi, fi ai b ie , b ib , fr, and Kf^y, 
using the Transistor Test Set Type 275 -A 
and the RX Meter Type 2 50- A, together 
with a step-by-step procedure and an 
example employing this method. Equa- 
tions are also induded for determining 
parameters t r , t f| and Gov Terms used 
throughout the discussion are defined 
below. 

Definition of Terms 

fi (hf>) Sena 11 -signal, short-circuit cur- 

rent gain, common emitter config- 
uration, fi will be used in prefer- 
ence to hf C in order to simplify 
subscripts. 

[/S 0 1 Same as fi above except rhac the 
frequency involved is well below 
cutoff for era ns is tors with neglig- 
ible phase shift at I kilocycle in 
the common base configuration 
(fa- ^ 500 kc). 

hj^ Small-signal ac input impedance, 
common emitter configuration, 
output short cLrcu iced (hn*.). 
bn, SmaJf-signal ac input impedance, 
common base con figuration, out- 
put short circuited (hub). 
fi cut -off frequency. The frequency 
at which |j8| is — 3db down from 
l&l, ( -707 1/3 0 | ). 

f T The frequency at which ]/J| equals 
unity or zero db, This is also the 
transistor gain bandwidth prod- 
uct. 1, 8 

K K is the base grading factor.* 
a (hib) Small -signal, short-circuit 
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current gain, common base con- 
figuration. 

fa fa J s che a ( hn>) cur-off frequency 
where \ct\ is — 3db down from \a n \- 
a it Same as a above except rhar the 
frequency involved is well below 
cutoff for transistors with neglig- 
ible phase shift ar 1 kilocycle in 
the common base configuration, 
f Any arb/crarily chosen frequency 

of measurement. 

c r Transistor rise time of che satu- 

rated common emitter switch. 4 
t f Transistor fall time of the satu- 

rated common emitter switch. 4 
Gm, Transistor transconductance, 

grounded emitter — . 

sv,* 

P Ratio of J/3 0 J/|/3). 

S Rario f/fp. 



F igure 1, Location of Important Transistor Para- 
meters on Relative frequency and Amplitude 
Basis. 


Method for Determining Parameters 

The method used for determining 
transistor parameters fi y fi^ h i|A , h il)T fyh 
f T , and Kf^r, is based on the theory that 
fi (h fc ) follows, to a very dose approxi- 
mation, che classical (Sdb- per- octave slope 
as a function of frequency (Figure l)/ 2 - 5 
This is true for all transistors that are 
currently in production. This character- 
istic is expressed by the equation: 

J8 = ^ — — 1/9*1- (D 

) + j — 

* 


Actually, this method requires but 
three simple measurements; |j3u| on the 
275-A Transistor Test Set and h Jt . and 
hui on che 250-A RX Meter. These meas- 
urements are then used to characterize 
many low and medium-power transistors 
in rlie frequency range of 1 Lx co well 
above 1 kmc. ]j8| is computed from the 
two two- terminal RX Meter measure- 
ments aod compared to ]/3,J which is 
read directly oo the Transisror Test Set. 
The ratio of |/3 0 |/|j8| is then used in 
conjunction with the curve in Figure 2 
to determine the various other para- 
meters. 

Two jigs are required for use in mak- 
ing rhe RX Meter measurements. Sche- 
matic diagrams of these jigs are shown 
in Figure 3 A and C on page 3 of Note- 
book number 19- A suggested design 
for rhe jig is shown in Figure 5. U is 
recommended chat the RX Meter meas- 
urements be made at a frequency (f ) of 
approximately 0.2 f T . 

Figure l shows, graphically, the loca- 
tion of the important parameters on a 
relative frequency and amplitude basis. 
Point A (0,2hr) on the straight-line 
section of the curve is the center of the 
area recommended for optimum accuracy 
when making high-frequency RX Meter 
measurements. A more detailed discus- 
sion of accuracy will be undertaken later 
in che article. It can also be seen in 
Figure l that f a is always greater than 
f r . It has been shown that f a does not 
always adhere to a 6db- per- octave slope. 2 

Procedure for Determining 
Parameters 

The following is a step-by-step pro- 
cedure for determining transistor para- 
meters in accordance with the merhod 
discussed in the previous paragraphs. 
The data obtained may be conveniently 
recorded on a data sheer (Figure 3) as 
a part of the procedure. 

Determination of fi 

1. Measure the R p and C P values cor- 
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responding to h| h and h k . directly on the 
RX Meter and record these values in 
column 1 on rhe data sheet. 

2, Convert Cp into X,. f — C h corresponds 
to — jXp), using the equation X r = 

1 

, and enter the values for R p and 

27rfCp 

X fl in column 2. 

3. Convert the data io column 2 to rec- 
tangular coordinates, the series imped- 
ance. This conversion can be made by 
means of the series -parallel conversion 
chart in rhe 2*50- A instruction book and 
BRC Catalogs L and L-l> or by means 
of the equations given below. If the con- 
version chan is used, select a convenient 
multiplying factor to obtain a location 
of sufficient resolution on the chart. 
General Equations: 

X X -Q 2 

i + Q 2 

R<> 

R» = 

l+Q 2 

*n 

Q = 

x p 

Equations for Q less than 0.1: 

V 



x, 

R p ” R* 

Equations for Q more than 1 0: 

Y 2 



Enter the dara in column 3 on the data 
sheet. 

4. Compute ft using the data from 
column 3 and the equation: 5 ' 6 7 
hi* — h ib >R )X 

ft — — or 

hth Ri -f- jXi 



rhe real and imaginary terms of rhe nu- 
merator divided by the real and im- 
aginary terms of the denominator. Enter 
this data in column A. 


5. Compute the magnitude of ft as fol- 
lows : 


R 2 + X 2 


l/*l = 


R 2 -f X 2 
1 ] 


Enter the data in column 5. 

6. Measure \ft 0 \ and \a 0 \ directly on rhe 
2 73 -A. Enter these values in columns 
6 A and 6B. 

1. Determine the ratio of the data in 
column 6 A to the data in column 5 : 


\fh\m _ IA>I _ 

1/3 1/3 I 

Enter this ratio in column 7. 

8, Locate the ratio of |/J 0 |/|/3j (P) of 
column 7 on the vertical axis in Figure 
2 and proceed horizontally to intersea 
the curve. Drop a line vertically and read 


in column 8. 

f 

9. Compute f£ = — and enter this in 


column 9. 

Determination of jf 

10. Locate rhe value |/3„|, recorded in 
column 6, on the vertical axis of the 
curve in Figure 2 and proceed horizon- 
tally to the curve. Project this point 
vertically to the horizontal axis and read 
S. Compute fv using the equation: f T = 
Sip = ft n ift} If |j8j falls on the 6db-per- 
octave slope (P^3), f T =|/3]f, Enter 
the data in column 10. 


Determination of ft at a frequency (f) 
other than that used in the initial 250- A 
measurement 

11. Determine the ratio of f/f£ — S 
and locate this point on the horizontal 
axis of the curve in Figure 2, Proceed 
vertically to the curve and read rhe ratio 
P = ( \ft a \/\ftf\ ) on the vertical scale. 
Compute j/? | = |j8 0 |/P and enter this 
data in column 1 L 


f 

— = S on the horizontal axis. Enter this 

f /3 


Determination of f a and K 

12. f rt may be computed using the fol- 
lowing general equation: 


2 
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(p ( * + fi » ) ip P» 


fn some instances, specifically in the 
case of a transistor with a 6db- per -octave 
common base current gain cutoff, K is 
unicy and the equation in (12) becomes: 
i a = {p (l -j- ft iV ) . If either K or are 
known, the Other may be computed. 
Kf a = ip ( l + Pc) and can be com- 
puted from the data in columns 1 and 9 
of the data sheet. To check an assumed 
value of one variable, the equation f T = 
may be used, 2 K is a function 
of the manufacturing process and may 
be from 0 A to l.0< However. K docs not 
vary appreciably from transistor to Tran- 
sistor of the same manufacturing proc- 
ess* having a value of 0.822 for uniform 
impurity density. The value drops further 
for accelerating '‘built-in" fields or "drift” 
transistors. 

Example 

The method and step-by-step pro- 
cedure described above are used in the 
following example to measure and com- 
pute parameters ip> fr, ft, and Kf#, for 
a typical transistor. Data obtained from 
rhese measurements and computations 
is recorded on the data sheet in Figure 3. 
Specifications; 
ft, = 15 

f T — 45 me (estimated) 

Conditions: 

f = 0.2 f-r = 9.0 me 

f 0 — 1000 cps 

V CR — 6 v 

I e =1.0 ma. 

Step ] . h] 4 . and htb are measured On the 
250-A in terms of R P and Q* and the 
values are recorded in column 1 on the 
data sheet. 

Step 2, The C p reading is convened ro 
1 

X P ; ( X p = ) and R p and X p are 

2?rfc 

recorded in column 2. 

Step 3. The data in column 2 is con- 
verted to rectangular coordinates, series 
impedance, by means of a series- parallel 
conversion chart or the following com- 
putations. 


h\u 

Computing Q: 

R p 100 

Q = = = 0.0133 

X P 7.5K 

Using equations for Q less than 0.1 : 

R p 2 10,000 

X s = - - = = - jl.J 

X P 7,500 

R s = R p = mo 
h u , — ioo — ji.3. 

hi. 

Computing Q: 

R p 2.2K 

Q = = = 2 

X„ 1.1K 

Using equations for Q between 0. L and 

10 ; 

Q 2 

X, = -Xp 

1 +Q 2 

X„ = — l.lKx4/5 = — j8RO 
R P 2.2K 

R, = = = 440 

1 +Q 2 5 

h,. = 440 — j880 

This data is recorded in column 3 
Step 4 ■ Rectangular coordinate, series 
impedance ft is computed using the dara 
in column 3 as follows: 



440 — j880 — 100 + jl.3 

/}= 

100 - j 1 .3 

Subtracting R teems and j terms sep- 
arately: 

340 — j879 R — jX 

ft = = 

100- jL3 R, — jX, 

This data is entered in column 4. 

Step. 5. Compute the magnitude of ft 
as follows: 


l/8|=, 

1/31 = 
1/31 = 


4- X 2 

R 2 + X 2 

1 1 


1 340- + 879 2 

100=2 -h 1.3- 

888,200 

10,000 


= 9.4 


This data is recorded in column 5- 
Step 6. ft ti and a, are measured directly 
on the 275-A and recorded in column 6. 
Step 7. The ratio P is determined as 
follows: 

ft, 20 

P- = = 2.15. 

ft - 9.4 

This ratio is recorded in column 7. 

Step 8. The ratio P is located on the 
curve in Figure 2 and S is determined 
ro be 1.95. Record S in column 8, 

Step 9. ip is computed as follows: 

fs 9 

ip — = = 4.6 me 

s 1.95 

and is recorded in column 9. 

Step 10. fr is determined as follows: 
f T = Sftf or ft 4> ip 
f T = 20 x 4.6 = 92 me 
and is entered in column 10. Note that 
f T = fti cannot be used in this case be- 
cause P = |/3„[/[/3] is less than 3- Note 
also, that f T is 92 me or considerably 
higher than the 45 me estimated under 
"Conditions.” 

Step 11. |j8| is determined at 50 me 
as follows: ^ ^ 

S = = = 10.5. 

fjS 4.5 

S( 10.5 ) is rhen located on the horizontal 
axis in Figure 2, and proceeding from 
this poinr, vertically, to rhe curve, P is 

1 / 5.1 

read on rhe curve. Then, \ft \ — = 

P 

20 

= 1.8. ft is recorded in column l L 

10.5 



1 

2 

3 

4 

5 

6 

7 

B 

9 

10 

11 

12 

R> C P 

Rp X, 

RECT. Z 
ftv X, 

(* 

RECT. 

POLAR 

(A> (6) 

P 

S 

<k 

tr 

£ 

50MC 


h lb 

100 + 2.3 

1 00-i- j7_5K 

100— 11 .3 

340-J879 

9.4 

20 0.9515 

2.13 

1.95 

4.6 

92MC 

i.a 

11 SMC 

K 

2.2K + 1* 

2.2KH-J1.1X 

440—1880 

1 00“ J 1 .3 


Figure 3. Data Sheet 
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Step 12. K/a or f^ is determined as 
follows : 

Kfa — f$(l + j8o) = 4.5 x 2 1 = 95 me 
Record Kfo- in column 12. 

This indicates that K must be known 
to determine or vice versa. 1/ the base 
layer of this transisror is the uniform 
impurity type, K — 0.822. Then, 

4.5x21 

(a — =115 me 

0.822 

Determining Parameters h io# t r , t fl 
Gm*, h i[:j and h fc 

Transistor parameters h lc> h io and h ft; 
may be readily calculated from direct 
measurements of a, /?, and h ib on rhe 
Transistor Test Set: 9 

bib 

hi^ — hjf - — 

(\-a) (l-h rh ) +h ob h lb 

( 2 ) 

Since, typically, h rb <<1, ( l-h rb ) 
~ l, and h oh h rl) <<1, under small- 
signal, low-frequency conditions, equa- 
tion (2) may be reduced to equation 
(3) which results in an error of 10% 
for at = 0.99 and decreases wirh a de- 
crease in at: 

hjb 

hj(. = h ]r *5 h|h (l^b^S) (3) 

I -a 

hrb-1 

h/f — (4) 

(1-a) ( l-h rb ) + hot h^ 

Under the assumptions and within the 
limits of error set forth for equation (3), 
equation (4) may be similarly reduced 
to equation ( 5 ) : 

i 

h iv ^ ~ — ( 1 /3 ) (5) 

1 -a 

Additional parameters t r > t fy ( Figure 
4) and Gm, may be determined as fol- 
lows. 4 

*r 

l c (sat ) 

Rise time ( t r ) = 0.8 (6) 

Ig 2'jrf'j- 

Ic 

— j3 Dr at operating current range. 


/3c off 

t f = 0.8 (7) 

277 f T 

"jSt off" is the turn -off circuit using 

rhe circuit in Figure 4, and can be 
measured on the 275-A by adjusting to 
the proper dc bias point. 4 



Figure 4. J rantisicr Switching Parameters 


Gm,* 

A> 

Gm t — (8) 

h,r 

hie — h,b(l + (3) 

!/?,] i 

Gm t = = (9) 

hjh ( 1 — h Jj8 0 | ) hi!> 

h ib can be measured directly on the 
275-A. 

Gm.) is derived as follows: 

S lc 

Gmr — — — = 

8 v lhl 

Si. 

S u . 8 n> 

x = 

S«- SV^ 8V* 



St, sv t . 

Since f3 = and h l( = — , 

Sjb Sib 

P 

Gm, = — ■ — > 

An example of the procedure for de- 
termining r n ty, and Gm, will not be 
included in this discussion. 

Accuracy and Limitations 

It is obvious from the equations pre- 
sented in the foregoing procedure, that 
the accuracy of |/3 0 | is of prime im- 
portance, since all of the parameters; f^, 
f T , t r , t f , ^8, and Kf# are based on the 
ratio P “ |/3 0 |/j/3|. If the accuracy of 
|j8„| can be made to exceed the accuracy 
of all other measurements, the overall 
accuracy will be improved accordingly. 

■ P oh, tod OtH by H. Tiuri/>i, RC-/ 1> Samdrrill^^ N- /„ 


This is the case when the measurements 
are made on rhe 275-A Transistor Test 
Set, where the accuracy of |j8 0 ] is ( 0.6 + 
30/jS)%- or usually less chan 2%. The 
ratio P— |#. |/|/3 1 is employed to take 
care of rhe possibility that the measured 
/3 ar 0.2 f T (as per the published specific- 
ations or estimate) falls above the 6db- 
per-octave slope, and to preclude the 
need for an additional measurement. 
This actually happened m the example 
given above. For optimum accuracy, the 
ratio P should be greater than 3 and f 
should not exceed 0.5 f p for the average 
transistor. 

The accuracy of the high-frequency 
jS (h r< .) measurements is dependent upon 
the RX Meter accuracy equations (See 
pages 10 and 11 of the 250-A instruction 
book.) and the relationship: 

hfr — h^ 

h r ,. = 

hjh 

For most vaJucs of h,i„ which is usu- 
ally resistive, 3% accuracy is about aver- 
age. For hi,. 5% accuracy can be ex- 
pected. Generally, accuracies better than 
10% can be expected for h f ,.. Since rhe 
h b . and hib real and imaginary terms are 
in quadrature, potential errors in R,, and 
C ]t are not directly additive, but are a 
function RMS of the respective errors. 

The above discussion of this pro- 
cedure also considers some of the limita- 
tion imposed by the original assumption 
that (hf r ) adheres strictly to the 6db- 
per-ocrave fall off common toR-C filters. 

Another important consideration in- 
volves the design of the jigs for the RX 
Meter measurements. Good high-fre- 
quency techniques and practice muse be 
followed to achieve the accuracies men- 
tioned. Figure 5 suggests a jig design to 
minimize most of the problems encoun- 
tered. It is also possible to "calibrate out" 
RX Meter and jig residuals by means of 
rhe technique described on page 4 of 
Notebook number 22, when making 
measurements above 20 me. 

The accuracy of t r and t* is affected by 
the variation of |/3| as a function of the 
current range over which the transistor 
is ro be operated. Improved accuracy 
can be obtained if 1/3^ readings are 
taken at points approximating A, B, and 
C in Figure 6, and the results are aver- 
aged. If ic is found that the bias current 
for ]/3„| average is such that hu, is below 
rhe range of the RX Meter, a convenient 
bias current can be used and f T can be 
corrected by the ratio of |/3<,| at the 
current of rhe RX Meter measurement 
to JjS 0 J average. If |/? 0 | proves to be 
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Figure 5. Suggested Design /or o VHF h para- 
meter Jig For MeoiurJng leanthiot Parameters 
or* the RX Meter 


quice constant as a function of bias 
conditions, which Is the case for well 
designed switching unics, corrections are 
not necessary and accuracies better than 
20% can be expected. 

Still another step may be taken if ac- 
curacies greater than those already men- 
tioned are desired. If the frequency 
characteristics of the transistor are such 
that when S“f/f£=0.1, f is 500 kc 
Or greater, a |/3„: measurement may be 
made on the RX Meter at 500 kc. The 
Jj8„| measurements on both instruments 
(250-A and 275-A) can then be com- 
pared and a correction factor computed. 
See the broken-line curve in Figure 2, 
This correction, applied to subsequent 
fi measurements on the 250-A, will yield 
improved accuracies. 



Figure 6 , Typical j@o versus /i iurve For Deter- 
mining y3o Average 


Conclusion 

We have shown that a transistor cur- 
rent gain characteristic can be readily 
determined for the common emirter con- 
figuration using the 275-A Transistor 
Test Sec and the 250-A RX Meter. Since 
RF measurements, with this procedure, 
are made at 0.2 f-r, devices with f-r s up ro 
1,25 kmc can be accommodated. 

The author wishes to thank Mr. C. D. 
Simmons of the Philco Corp., Mr. H. 
Thanos of RCA, and the BRC Engine- 
ering Department for their assistance 
during the preliminary search for ma- 
terial for this article. 
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Diode Measurements on the 
Transistor Test Set Type 275-A 

WILLARD J. CERNEY, Sales Engineer 


There are many instances in diode 
applications when it is desirable to know 
the AC impedance of the diode as well 
as the DC resistance. A few examples of 
these applications are: 

1. When a diode is used as a limiter 
or clipper. 

2 . When a Zener diode is used as a 
voltage regulator and the AC impedance 
is of importance. 

3. When diodes are used io the design 
of power supply circuits. Here, knowing 
rhe AC impedance of diodes will be of 
value io designing ripple suppression 
and low-frequency coupling networks. 

The rerms and expressions used in 
this article are defined in Figure I. 

Typical values for a IN 1522 diode ar 
points A, B, C, and D on the diode 
curve in Figure l, are given in the 
table below. 


Point 

Volts 

DC Res. 

=4*-AC Res. 
ly i » 

A 

—8.2 

820 

0.2 

8 

—6 

1 200 

67 00 

C 

+ ? 

20 

7 

D 

+2 

78 

0.5 


The Transistor Test Set Type 275-A 
may be used to measure the DC forward 
resistance and rhe forward biased AC 
resistance of all diodes, directly and 
simply, within the current and imped- 
ance ranges of the instrument (0 to 
100 MA. and 0.3 to 3000 ohms). Some 
of the high-current diodes may also be 
measured using externaj equipment. In 
addition, the 275-A may be used to 
measure the DC breakdown voltage and 
resistance and rhe AC resistance of Zener 
or Regulator diodes at any point, 

MEASUREMENT PROCEDURE 

A step-by-step procedure for making 


diode measurements on the 275-A is 
given below. Before a diode is connected 
across the terminals of the 275-A, the 
controls should be set up in accordance 
with rhe initial sec up procedure to pre- 
vent damage to the instrument or the 
diode under test. AU of rhe measure- 
ments must be limited to 100 mill (am- 
peres unless external equipment is used. 
Care should be taken not to short the E 
and C terminals as this might result in 
damage to the 275-A panel meter. 



V» =r Avatanche region, commonly referred to 
os the voltage b/eafcd own ar Zener point. 
ArtaaJIy tbs exact voltage one/ current 
porn's are defined arbitrarily. 

DC Resistance =r Rep$tance at any paint on 
E* 

curve “ at shown above. 

tx 

AC Resistance = Impedance ai any point on 
AE e, 

curve = or os shown above. 

Ai 

Figure 1. Diode Curve 

Initial Set Up Procedure 

1. Set the <* -h ih -jS Selector to the hn, 
position. 

2. Sec the SET-CHECK-MIN switch to 
the SET position. 

3. Set rbe Meter switch co the V C B posi- 
tion. 

4. Turn the V rR Volts Range Selector 
and the V CB control fully counterdock- 
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wise; i.e,> V C b — 0- 

5. Sec the Mecer switch ro the 1 K posi- 
tion. 

Forward Biased Measurements 
(All Diodes) 

To measure DC forward resistance 
and AC resistance when forward biased, 
set op the instrument controls in accord- 
ance with the initial set up procedure 
then proceed as follows: 

1. Connect the diode to be measured be- 
tween terminals E and B on the 275^A, 

2. Set the 1> : controls for the desired 
biasing current. 

3. Set the SET-CHECK-MIN switch to 
the CHECK position and the NPN- 
PNP switch to the position chat gives 
the highest reading on the panel meter. 

4. Connect an external DC VTVM 
(such as the HP 412 A) across the diode 
under test. 

5. Set the SET-CHECK -MJN switch to 
the MJN position and read the VTVM 
and i E . The DC forward resistance equals 
rhe VTVM reading divided by the I t ,-, 
reading. 

6. Set the Meter switch to the MIN 
position and adjust the dial for a 
null meter reading. 

7. The hn> reading is the small signal 
forward biased AC resistance. 

Reversed Biased Measurements 
(Zener or Regulator Diodes) 

If the breakdown voltage of the Zener 
or Regulator diode to be measured is less 
than o volts DC, perform the following 
procedure in addition to the procedure 
for the forward biased measurements. 

). Set the Meter switch to the posi- 
tion. 

2. Sec the \ Vm controls for the desired 
biasing current. 

3. Set the NPN-PNP switch ro rhe posi- 
tron opposite to that used in step 3 in 
the forward biased measurement pro- 
cedure. 

4. Read rhe external VTVM and Ir. 

5. The DC breakdown resistance equals 
the VTVM reading divided by the Ir 
reading. 

6. Set the Meter switch to rhe MLN 
position and adjust the hu, dial for a 
null meter reading. 

7. The hn, reading is the breakdown or 
operating AC resistance. 

If the breakdown voltage of rhe Zener 
or Regulator diode is greater than 6 
volts DC, perform the following pro- 
cedure in addition to the procedure for 
forward biased measurements. 

1. Set rhe SET-CHECK-MIN switch to 


the SET position. 

2. Change the diode connection from 
the B terminal to the C terminal on the 
2 75- A. Do not disturb the connection at 
the E terminal. 

3- Set the Meter switch to the Ir posi- 
tion. 

4. Set the Ir controls for the desired 
biasing current. 

5. Set the NPN-PNP switch to the 
position opposite to that used in step 
3 in the forward biased measurement 
procedure. 

6. Set the SET-CHECK-MIN switch to 
the MTN position. 

7. If the Ie reading on the panel meter 
increases, turn the V<j f control clockwise 
until rhe merer indicates the desired 
biasing current. 

8. Read the external VTVM and Ir. 

9. The DC breakdown resistance equals 
the VTVM reading divided by the Ii. 
reading. 

10. Set the Meter switch to the MIN 
position and adjust the hu, dial for a 
null meter reading. 

11. The hu, reading is the breakdown 
or operating AC resistance. 


Measurements Above 100 MA. 

To measure diodes above 100 milli- 
amperes on the 275-A, proceed as fol- 
lows: 

l. Connecr an external power supply as 
shown in Figure 5 on page 10 of the 
27 5- A instruction book. The resistance 
of the supply should be high (constant 
current) so that it does not shunt down 
the dtode impedance. 



Figure 2. Connections for Measuring Diodes 
Above TOO MA, 


2. Connect the diode to be tested and 
the choke to the 275- A terminals as 
shown in Figure 2. 

3, Follow the procedure for forward 
biased measurements. 


Measuring Tetrode 
Transistors 
on the 275- A 

Tetrode transistors can be conven- 
iently and directly measured on the 
Transisror Test Sec Type 275-A with the 
same accuracies specified for standard 
criode unirs, by employing a simple ex- 
ternal merer and bias supply. The correct 
connections for tli is measurement are 
shown in the figure below. After the 
connections are made to rhe 275-A, rhe 
Ie, V rjll and 1*^ in the external bias 
supply axe sec co the desired values and 
the 2 75~A is operated in the normal 
manner to measure « v fi. and hn k . 



Co/inecrions for Measuring Tetrode Transistors 
on the 275-4 


In making chese measurements, the 
following notes should be observed: 

1. The external bias supply impedance 
should be very large with respect to hn, 
in order to reduce the loading effect of 
the bias supply on the hu, reading. 

2. B>, R 1( Rj, and Mi in the figure 
should be selected to give the desired 
current range and at rhe same rime pro- 
vide rhe very large impedance required 
per Note l. If it is not possible to select 
values of Ri and R 2 that are much larger 
than h\ hi the effect of rhe external com- 
ponents may be determined by calcula- 
tion as follows: 



fqufvp/ent Circuit 
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h* (Ri +R.J + M, +B,) 

hiu27a — 

hu> d - (Ri ~b -|- Mi -|- Bi ) 
Solving for hn>: 

hjb 2?s (Ri H- + M, + B| ) 

hib = 

(Ri d - R .2 + Mi + Bi ) — hib 27 

Noce: Bi and M| can usually be 
chosen to be negligible compared to Ri 
and R 2 . 

Typical measurements for a 3N36 


The Van Groos Company was formed 
in 1945 by J. C. Van Groos and pres- 
ently operates with headquarters in 
Woodland Hills, California and a branch 
office in Los Altos. 

"Van" grew up with the Wcsc Coast 
electronics business. He began his engi- 
neering career at the University of Cal- 
ifornia. Later on he was Maintenance 
Engineer for the McClatchey Broadcast- 
ing Chain and prior to World War II 
he entered the sales engineering fieJd in 
California. During the latter part of the 
War, he was in charge of ground 
electronic equipment at all Naval 
Air Stations. 



J. C. Van Groos 


Since its inception, the credo of the 
Van Groos Company has been complete 
service to the customer, and to imple- 
ment this customer service concept. Van 
conceived the idea of a mobile demon- 
strator to meet the needs of rhe dynamic 
elect rom'c industry in California. 

In 1956 a 30-foor Flexible bus was 
converted into a mobile demonstrator 
known as "Groosvagen". During rhe 


tetrode transistor axe: 

Vrw = 5V 
1 R = 1.5MA. 

V — 0.91MA. 

= 12 

h n . =0.9227 
hnv = 28 ohms 

Typical values for exrernal bias used 
in rhe above measurements are: 

= 10K. ohms 
R. = 22 K ohms 
Mt = 0-2MA. 

B, =2V 


first year this mobile unre was used to 
demonstrate to more than 15,000 engi- 
neers in che California area. The "Groos- 
vagen" was so effective, in fact, that in 
1958 the Van Groos Company put into 
service another mobile demonsrraror 
known as "Groosvagen II". This unic 
was bigger and better with such added 
features as a mobile telephone, air con- 
ditioning, and a self-contained generator, 
and proved to be more popular than 
ever with the West Coast engineers. Van 
advises, in facr, char it has been diffi- 
cult to keep up with rhe demand for 
mobile demonstrations. 

Since the beginning of i960 an air 
conditioned service and calibration lab- 
oratory, under the supervision of Mr. 
Vic Howard, has been in operation at 
che Van Groos Company's Woodland 
Hills office. This new facility has been 
added to provide local repair service on 
all instruments with emphasis on mini- 
mum down-time for the customer. 



Interior o / fhe Van Groos M obits Demonstrator 
"Groosvagen it* 


During his career Van has been an 
active member of the IRE and is cur- 
rently a senior member. Two years ago 
he founded and served as Chairman of 


rhe San Fernando Sub-Section which 
now has 1500 members. He also has 
been an Amateur Radio enthusiast since 
1930 and is holder of Radio Amateur 
License W6GFY. 

The Van Groos Company has built 
its success in rhe electronic test equip- 
ment field by emphasising service com- 
binedwith integrity. We at BRC proudly 
salute rhe Van Groos Company for their 
faithful service to our many valued 
customers throughout California. 


SERVICE NOTE 

Modification of Type 265-A Q 
Comparator for Improved Stability 

Beginning with Q Comparator Type 
265-A, Serial No. 70, an auxiliary mount- 
ing bracket has been added to the plug- 
in Type 520-A Oscillator Inductors to 
provide a more rigid mounting for che 
inductor when it is plugged into the 
oscillator circuit on the Detector Unit. 
The new bracket securely damps the 
520-A inductor to the top of the De- 
tector Urur cover so that it cannot shift 
in its socket wirh vibration from the 
capacitor drive motor. Some customers 
had advised BRC rhar rh is vibration 
would often cause a shift in oscillator 
frequency noticeable as a shift in the 
CRT display on the Indicator Unit. 

In order to provide a means whereby 
this feature could be incorporated into 
equipment already in the field, a special 
field modification kit has been prepared 
and distributed to our representatives 
and in some cases, directly to our cus- 
tomers. If rhere are any owners of Q 
Comparators with serial numbers below 
70 who have not received this modifi- 
cation kit, they may be obtained by 
calling or writing BRC 



New Type 520-A Oscillator inductor Mount- 
ing Brocket 


MEET OUR REPRESENTATIVES 

VAN GROOS COMPANY 
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EDITOR'S NOTE 
Q Meter Winner 

Many Notebook readers have written 
to the Notebook inquiring about the 
winning estimate in the Q Meter Com 
rest held last March at the IRE show. 
We announced the name of the winner 
in our Spring issue, but neglected to 
give his estimate. Mr. Byers' estimate 
was 394. 

Mr. Byers informed us in a letter rhar 
he was both pleased and greatly sur- 
prised when he heard the news of his 
winning the contest. "I frequently use 
both your models 1 60- A and 190- A in 
working with coils for signal genera ^ 
tors/' he writes, "but your contest coils 
usually bear little resemblence to colls 
with which I am familiar. 41 

It is odd that Mr. Byers should make 
this comment, because we have received 
similar complaints from other contest 
hopefuls. Be assured char we have passed 
these complaints along to the Engineers 
responsible for che design of the contest 
coils. Each year, however, the coils be- 



WIHIom f. 6 yeri 

come more and more incredible. Ap- 
parently they have become obsessed with 
their fiendish cask, 

- Mr. Byers, our contest winner, was 
graduated from Ohio Stare University 
with a BS in Electrical Engineering in 
1943. After teaching at the University 
for a brief period, he joined the General 
Radio Company and has been with chat 
Company ever since t engaged in che de- 
sign and development of special purpose 


and standard signal generators, frequency 
modulation equipment, and broadcast 
monitoring equipment. 

Mr. Byers is a member of the Institute 
of Radio Engineers and the American 
Radio Relay League, and is bolder of 
Amareur Radio Station License WINXM 

Our congratulations again to Mr. 
Byers. We are sure that he will make 
good use of the Q Meter. 


BRC APPOINTS NEW 
SALES REPRESENTATIVES 

Booncon Radio Corporation is pleased 
ro announce the appointment of rhe 
George H. Sample Company and the 
S. Sterling Company as sales representa- 
tives. The George H. Sample Company 
will be our exclusive representative in 
Australia with its headquarters in Mel- 
bourne. The S. Sterling Company will 
be our exclusive representative in Michi- 
gan, West Virginia, and sections of Ohio 
and Pennsylvania, with its main offices 
in Detroit. 




ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
7900 Zunl Road $E 
Telephone i AMherst 8-2476 
TWX: AQ 70 


DALLAS 9 , T*xas 
EARL LIPSCOMB ASSOCIATES 
3485 In wood Rood 
Telephone Fleetwood 7.1881 
TWXt DL 411 


HOUSTON S, Texas 
EARL LIPSCOMB ASSOCIATES 
3635 Richmond Avenue 
Telephone) MOhawfc 7-2407 
TWXi HO 967 


PITTSBURGH 27, Pennsylvania 
S. STERLING COMPANY 
4232 Brownsville Rood 
Telephone: TUxedo 4-55)5 


ATLANTA, Georgia 
BIVINS & CALDWELL, INC. 
3133 Maple Drive, KLE. 
Telephone: CEdar 3-7522 
Telephone: CEdar 3-3498 
TWX: AT 987 


BINGHAMTON, Now Y ark 
E. A. OSSMANN 4. ASSOC. INC 
149 Front Street 
Veitolj New York 
Telephone: 5THIw©ll 5-0294 
TWXt ENDICOTT NY' 84 


BOONTON, New Jersey 
BOONTON RADIO CORPORATION 
50 Intervale Rood 
Telephone; DEerfleld 4-3200 
TWXi BOONTON NJ 844 


BOSTON, Massachusetts 
INSTRUMENT ASSOCIATES 
30 Park Avenue 
Arlington, Mass. 

Telephone: Million 6-2922 
TWXi ARL MASS 253 


CHICAGO 45, Illinois 
CROSSLEY ASSOC., INC 
2501 W. Paterson Av©, 
Telephone: 0 Roadway 5-1400 
TWXi CGJ08 


CLEVELAND 24, Ohio 
S. STERLING COMPANY 
5627 Mayfield Road 
Telephone^ HlUcrei: 2-6060 
TWX: CV 372 


DAYTON T9, Ohio 
CROSSLEY ASSOC, INC. 

2801 For Hills Avenue 
Telephone: AXmlnster 9-3594 
TWXi DY 304 

DENVER IS, Colorado 
GENE FRENCH COMPANY 
1480 Hoyt Street 
Telephone: MAin 3-1458 
TWX: LAKEWOOD COLO- 104 

DETROIT 35, Michigan 
S. STERLING COMPANY 
15310 W, M (Nichols ftd. 
Telephone: 6 Rood way 3-2900 
TWX: DE 1141 


EL PASO, Texas 
EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone: KEyrtone 2-7281 

HARTFORD, Conna^cot 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone: CHapel 4-5464 
TWX: HF 244 

HIGH POINT, North Carolina 
BIVINS &, CALDWELL, INC 
1923 North Main Street 
Telephone: High Paint 2-4873 
TWXi HIGH POINT NC 454 


WUNTSV/Uf, Alabama 
BIVINS & CALDWELL, INC. 
Telephone: JEfferjon 2-5733 
(Direct line to Atlanta) 

fND/ANAPOL/S 20, Indiana 
CROSSLEY ASSOC, INC. 

5420 North Callage Avenue 
Telephone; Clifford 1-9155 
TWXi IP 545 

LOS ANGELES, California 
VAN GROOS COMPANY 
31051 Coitanso Street 
Woodland Hills, California 
Telephone: Diamond 0-3131 
TWXi CANOGA PARK 7034 

ORLANDO, florid a 
BIVINS & CALDWELL, INC 
723 West Smith Avenue 
Telephone: CHerry 1-1091 
TWX: Oft 7024 

OTTAWA, Ontario, Canada 
BAYLY ENGINEERING, LTD. 
48 Sparks Street 
Telephone: CEntral 2-9821 

PHOENIX, Arizona 
GENE FRENCH COMPANY 
224 South Hinton Avenue 
Scottido)©, Arizona 
Telephone) Whitney 4-3504 

twxi scottsdal£ ariz io? 


RICHMOND 30, Virginia 
BIVINS & CALDWELL, INC. 

1219 High Point Avenue 
Telephone: ELgin 5-7931 
TWX: RH 584 

ROCHESTER 25, New Yoi* 

E. A, OSSMANN & ASSOC.. INC. 
630 Linden Avenue 
Telephone: LUdlow 4-4940 
TWX: RO 169 

SALT LAKE CITY, Utah 
GENE FRENCH COMPANY 
136 South 2nd East 
Telephone: EMpiro 4-3057 
TWX: SU 253 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1178 Lo* Altai Avenue 
Lai Altai, Californio 
Telephone: WHitedlff B-7744 

ST. PAUL J4, Minnesota 
CROSSLEY ASSOC., INC, 

842 Raymond Avenue 
Telephone: Mldwoy 4-7881 
TWX: ST P 1161 

SYRACUSE, New York 
E. A. OSSMANN & ASSOC., INC. 
2343 James Street 
Telephone: HEmpiteod 7-6446 
TWX i 55 355 

TORONTO „ Ontario, Canada 
BAYLY ENGINEERING, LTD. 

Hunt Street 

Ajax, Ontario, Canada 
Telephone: AJax llfi 
(Toronto) EMpIr* 2-3741 
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Design of a UHF Q Meter 

CHARLES G. GORSS, Development Engineer 



figure 1. UHF O Mefer Type 2 SO- A 


With the intensive development pre- 
sently going on in the ultra-high fre- 
quency area of rhe frequency spectrum, 
the need for a Q Meter capable of meas- 
urements in this frequency range has 
become evident. It was inevitable that 
the task of designing such an instrument 
would be undertaken by Boonton Radio 
Corporation, pioneer in rhe field of Q 
Meter desigo. 

Q Meters presently in use are limited 
to measurements at frequencies below 
300 Me. This limitation is due mainly 
to certain design characteristics inherent 
in these instruments which have pre- 
cluded rhe possibility of their use at 
UHF; namely, the injection resistance 
does not remain consrant, resulting in 
poor calibration at higher frequencies; 
high series inductance is introduced in- 
to rhe measuring circuit at higher fre- 
quencies; and the oscillator design is 
not suited to UHF operation. 

This article describes how these and 
other design problems were solved by 
the BRC Engineering Department dur- 
ing the course of the development of 
the new UHF Q Meter Type 280-A 
( Figures 1 and 2), an instrument which 
measures Q from 10 to 25,000 over a 
frequency range of 2 10 to 610 Me. 

Direct Reading, Self-Correcting 
Q Capacitor 

The key to the development of the 
UHF Q Meter lay in the design of the 
Q capacitor, for without a workable Q 
capacitor, a UHF Q Meter would not 
be practical. A concept of a true reading 
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capacitance was selected for the Q ca- 
pacitor design in the UHF Q Meter. 

If a capacitor (C) has a secies in- 
ductance (L), which is characteristic of 
ail capacitors, the equivalent capacitance 
(C,i) is given by the equation: 

1 

Q S| — C X , where co = 

\—a) 2 lC 

operating frequency times 2 t t. 

In the usual case L may vary with C. 
For example, in a buiterfly-rype cap- 
acitor, L and C vary in the same direc- 
tion. In certain other type structures, 
Such as the capacitor structure used in 
the BRC Type 190- A high-frequency Q 
Meter, L is almost constant. 

As an interesting possibility, assume 
that L will vary inversely with C, so 
that L rimes C is a constant. This is 
equivalent to the series resonant fre- 
quency being constant, and independent 


of capacitance. Then, at a given frequen- 
cy, C,.., would be equal to a constant 
times C, and the error (difference be- 
tween Ci, and C) would be a constant 
percentage; this percentage being a 
function of frequency only. 

In this case, if rhe readout scale for 
C were made logarithmic, a simple 
single motion of the readout index 
would produce a constant percentage 
correction in the C readout, and the sys- 
tem would provide a true capacitance 
reading at any frequency level. 

Consfrucf/an of the Q Capacitor 

Having established the fact that series 
L times C should be a constant and that 
the law of variation of capacitance 
should be logarithmic, a practical way 
of constructing such a device had to be 
found. With high Q as an objective, 
sliding contacts were ruled out because 
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they are known to introduce unwanted 
and unpredictable variable resistance. 
A logical solution was a cwo-srator 
capacitor with insulated movable plates 
meshiog both stators. The place material 
would need to be of highest conductiv- 
ity and the unit would have to be small 
and well shielded to prevent radiation 
loss. The constant series resonanc fre- 
quency of the capacitor should be at 
least twice the maximum frequency 
of use. 

Using the relationship that the equiv- 
alent high frequency capacitance equals 
the low frequency capacitance times the 

L 


factor 


-ay 


(derived from 


previous equarion), where F equals the 
operating frequency and F c equals the 
constant series resonant frequency of the 
unit, the correction factor is 1.33 (when 
F/F<. = 1 / 2 ). This correction factor is 
quite high compared with the antici- 
pated accuracy of rt 3%. 

The constant L times C product sug- 
gested a capacitor with an average in- 
ternal path length which would decrease 
as the capacitance was increased. The 
two most likely motions co accomplish 
a varying capacitance are rotation and 
translation, with translation being de- 
fined as motion in a straight line, and 
rotation as the angular movement of a 
shaft about its axis. Translation was 
chosen for our purpose because it al- 
lowed the plate area to be moved toward 
che capacitor terminals at the same time 
that the capacitance is increased. 

From the start it was obvious that 
binding posts* as we know chem, would 
introduce too much inductance for the 
high resonant frequencies anticipated. 
Therefore, the plane of reference com 
cept was adopted, with the two capacitor 
stators presenting a common plane sur- 
face, separated by an air gap. The stator 
surfaces would be tapped for terminal 
screws which would be used for connec- 
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Figure 2. BJocfc Diagram — UHF Q Meier 


tion of the components to be measured. 
However, che calibrated capacitance 
would appear at the reference plane only, 

These design requirements were met 
in the Q capacitor structure shown in 
Figure 3- The translator plates approach 
from the bottom allowing the effective 
path from the plane of reference ro the 
capacitor to be advanced at the same 
rime that the capacitance is increased. 
The curve on the rear section of the 
translator plares is designed to give the 
translator plates the logarithmic capa- 
citance variation required. The plane 
of reference is slanted 20° to allow the 
Translator to approach the plane of ref- 
erence as closely as possible. This tilting 
device maintains the approach distance 
to a point where the iaductance is kept 
low, and at the same time provides a 
heavier stator section for attachment of 
components. 

To give the reader some idea of the 
size of the capacitor structure in the in- 
strument, the total width of the plane 
of reference is only 0.3 inch, and the 
air gap between che high stator and the 
ground stator is only 0.020 inch. 

The electrical requirements of the 
capacitor were translated into mechanical 
dimensions by considering the structure 
to be a series of transmission lines of 
various impedance levels. The structure 
was then analyzed as a series of three 
transmission lines, one butted on to che 
next, with an open end and with a con- 
stant total length. The shaped translator 
plates approach from the bottom (Fig- 


ure 3) out of the rectangular ground 
stator which is large enough co contain 
the entire translator, except for two 
small support tabs. The resulting self- 
resonant frequency is around 2000 Me, 
or higher than the two-to-one require- 
ment previously mentioned. The distance 
from die translator to the front terminals 
varies at approximately the proper ratio. 
The stators are wedge shaped to provide 
a larger section for the terminal screws 
and to give additional support to the 
struaure.The entire unit is well shielded 
to prevent spurious resonant structures. 

Linear ball bushings are used to sup- 
port the translator plates so that there 
is virtually no play in the translator 
plates as they are moved toward the 
plane of reference. 

L-C Dial Correction 

The reason previously given for de- 
signing a capacitor with constant L 



Figure 3. O Capacitor — UHF O M* Ur 
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times C, and for providing logarithmic 
capacirance variation was that foe dial 
would be correctable by a constant per- 
centage at any given operating fre- 
quency, and that this percentage would 
be equivalent to a given angular rota- 
tion of the readout hairline with respect 
to the capacitance scale. This is accom- 
plished in foe UHF Q Merer by pivoting 
the readout hairline for the capacitance 
dial on foe same center as the capacit- 
ance dial. The hairline is rotated as a 
function of foe frequency dial rotation 
by means of cam devices designed in 
zee otdance with the previously men- 
tioned correction formulae. Readout of 
effective RF capacitance is therefore 
automatically accomplished with the 
tuning of foe oscillator. 

As an aid to computation, a conceocric 
spiral logarirJimic inductance dial is pi- 
voted on the same shaft as the capacit- 
ance dial. The spiral inductance dial 
and the capacitance dial are held to- 
gether by means of a friction disk. For 
each operating frequency used, there is 
an alignment of these two dials which 
results in the inductance scale reading 
that inductance which will resonare with 
the effective capacirance. The mechanics 
of driving the translating capacitor from 
a rotary shaft motion are accomplished 
by a conventional rack and pinion drive 
which is spring loaded to prevent back- 
lash. 

Circuit Couplmg 

Input is inductively coupled to one 
side of the high stator and output is 
capacitively coupled to the opposite side 
of the high stator, with the high stator 
serving as a shield between the cwo. 
The output is a voltage probe and the 
input is a current probe. 

In order that the input coupling is 
ooly as much as is needed to give suit- 
able output on the voltage probe for a 
wide range of circuit Q conditions, fhe 
input coupling has been made variable. 
Output from the oscillator is terminated 
in the movable probe of a cut-off type 
piston attenuator. The movable probe 
is a 50-ohm termination, resulting in a 
low standing wave ratio on fhe oscillator 
output line. A small loop at the end of 
the attenuator tube couples to a 50-ohm 
Line which in turn eQters foe Q capacitor 
enclosure. This line is shorred near foe 
front terminals of the Q capacitor with 
a small loop which couples to the Q 
circuit. The entire 50-ohm line is very 
short and nearly lossless and resonates 
at approximately 1400 Me. Therefore, if 
the attenuator piston is decoupled, neg- 


ligible loss is injected into the Q circuit. 
The advantage of this scheme is that 
for low Q circuits, where loss is less 
important and high injection level is 
needed, the piscon is ciose\y coupled; 
and for high Q circuits, where low in- 
jection level is required, foe piston with 
its resistive component is decoupled 
from the Q circuit. 

The voltage probe consists of a LN82 
diode coupled very loosely by a capaci- 
tive probe to the high stator. Tills diode 
looks Like 4500 ohms in parallel with 
0.5 pf capacitance. Voltage from the 
Q circuit is divided by a very small 
coupling capacitor providing a voltage 
ratio of 25 to 2, and resulting in a 
resistance ratio of 156 to 1. The diode 
appears across the Q circuit as roughly 
0.7 megohms, limiting foe Q of the Q 
capacitor to somewhat over 3*500. This 
value is considerably higher than the Q 
of small components suitable for meas- 
urement at the Q capacitor terminals. 

Oscillator 

In order to circumvent foe previously 
mentioned problems associated with 
measuring resonant rise in the UHF 
range, a different priociple of Q meas- 
urement has been employed in foe UHF 
Q Meter. This principle is derived from 
the well known relationship chat Q is 
equal to the frequency of resonance 
divided by the bandwidth from 3db 
point to 3db point on foe resonance 
curve. This relationship is extremely ac- 
curate for values of 10 and above. 

A number of automatic methods for 
sweeping this bandwidth to provide an 
automatic Q readout were considered, 
but it is likely that these methods would 
complicate the instrument and render 
it less accurate and reliable. It was de- 
cided, therefore, that the most direct ap- 
proach to this type of Q measurement 
would be by manual, mechanical tuning 
of foe oscillator. If this mechanical 
tuning were properly coupled to a dial, 
the dial itself could be made to readout 
Q directly. The oscillator frequency in 
this case would be an exceptional func- 
tion of shaft rotation, and a given an- 
gular rotation of foe oscillator shaft 
would be the same percentage of the 
oscillator frequency; regardless of foe 
shaft position. The oscillator vernier 
would be calibrated jo Q, starring at in- 
finity and progressing down the Q 
range. 

To measure Q with this system, ao 
operator would start a measurement 
with the vernier dial reading oo at one 
3db point and then tune through re- 


sonance, stopping at the other 3db point 
(Figure 4). The dial could be made to 
read Q directly. This system is simple 
and straightforward and a modulation 
system is not required. Use is made of 
basic mechanical elements which are 
necessary in an oscillator in any case, 
and the only addiriooal requirement im- 
posed on the design is that the oscillator 
vernier be somewhat refined and cali- 
brated in Q, Tine indicacor is a simple 
square-law diode detector, free of com- 
plex demodulator circuitry. This repre- 
sents a Q measurement broken down in- 
to its fundamental essenciaLs. 

The oscillator frequency, as a function 
of shaft rotation, is very important in 
reading Q accuracy. The law must follow 
the general form: f = Ae K 0, if the Q 
dial calibration is to be accurate. There- 
fore, the oscillator structure should be 
repeatable. Two forms axe apparent in 
which the frequency is controlled chiefly 
by mechanical parts: one employs tuned 
transmission lines and the other is a 
"butterfly" type construction. Both types 
employ a rigid mechanical resonator, but 
because the transmission line oscillator 
would tend to be noisy and cause fre- 
quency jumping over small motions, the 
"butrerfly" type was chosen for this 
application. 



Figure 4. Q Resonance Curve 


Vernier Tuning System 

Q can be measured by means of a 
gear reduction system on the oscillator 
shaft up to a point: however, when foe 
motion of the gear drive is reduced to 
its most infinitesimal increment, this 
motion becomes erratic. This could be 
expected for foe measurement of high 
circuit Q values. To avoid this problem, 
an independent vernier was devised for 
foe measurement of Q values beginning 
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at 200. Basically, this fine vernier is 
achieved by rotating the entire butterfly 
stator by a micrometer driven torsion 
spring system, wirh the rotor shaft held 
fixed. The system is shown schematically 
in Figure 5. The disk represents the 
stator support and rhe four lines marked 
are spring-tempered beryllium cop- 
per. These springs are stiff in a radial 
direction but permit rotation when the 
micromerer is advanced. Tine micrometer 
screw provides rhe precise uniform mo- 
tion required. The springs flex elastic- 
ally, in exacr relationship to the micro- 
merer motion, so there is no lost motion 
or backlash in the system. 

The oscillator main drive is a double- 
ended shaft driven at right angles by a 
precision worm. Both vernier drives 
have a lock and a clutch between the 
shafts and the dials which are operated 
by means of fronr panel controls. 

Oscillator Output System 

In order to insure sufficient isolation 
between the test circuit and the oscil- 
lator, the oscillator output should be 
high. For the existing voltmeter sensi- 
tivity 0.1 wait would be sufficient for 
most cases. Because of rhe losses which 
may occur in makeshift external reson- 
ator couplers, it was decided that the 
oscillator output should be close ro 1 
watt RF. This output is just high enough 
for most requirements, without sacrific- 
ing stability. 

The oscillator tube is a GENELEX 
DET22, with dc power handling capa- 
bilities of 10 watts. It is a planar type 
tube, and therefore has a very high 
series resonant frequency, assuring con- 
sistency of oscillator design and conse- 
quently uniformity of the law of fre- 
quency variation as a function of rota- 
tion (f = A e K 0) from unit to unit. 
Ideally, a plot of 8 versus rite log of fre- 
quency should be a straight line with a 
slope which is the same for all instru- 
ments. This slope is held within =L 15% 
of nominal for all instruments at all 
points on the curve from 210 to 6 10 Me 
Operating conditions of rhe butterfly os- 
cillator tend to vary considerably across 
the band. In order to keep the power 
level in the oscillator tube reasonably 
constant a constant current pentode is 
connected in rhe cathode return of the 
tube. This holds the current change with- 
in reasonable limits without a large 
series dc drop. The oscillator has been 
carefully designed to eliminate spurious 
parasitic resonances which might cause 
the output amplitude or frequency to 
change at a rapid rate and thereby affect 
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fi gore 5. High Q Verni&r Tuning System 

the accuracy of the measurement. 

Mechanical Design Parameters 

Mechanical design parameters were 
derived from existing formulae for but- 
terfly resonators. These parameters did 
nor accurately elevate the inductance jn 
the minimum capacitance condition, 
when the rotating places fill the open, 
area. The final shape of the capacitor 
plates was arrived at by first designing 
from the best known formulae, and then 
correcting this shape on the basis of data 
taken from this structure. 

With nearly 10 wans being lost in 
the plate structure of the oscillator tube, 
it was necessary to provide excellent 
heat conduction from the plate to the 
general mass of metal in the stator, 
where it could be dissipated by radia- 
tion. The plate mount itself is a solid 
copper casting soldered fast to rhe 
butterfly stacoc. Ventiiarion around the 
outside of the oscillator is maintained 
at a relatively high level by the use of 
adequate clearance between the oscil- 
lator and orher units in the instrument, 
and by means of perforations in the in- 
strument cabinet. 

Voltmeter System 

The output from the diode probe is 
approximately 20 microvolts dc when 
the resonant peak voltage is 0.025 volts 
rms. In order ro work wirh rhis low 
voltage level, a high-gain dc amplifier 
was necessary. A photo-conductive chop- 
per amplifier circuit, 1 is used. This de- 
vice employs light-sensitive resisrance 
elements. Light is interrupted periodic- 

1 This circuit is similar to that which is used 
in the H-P 42 5 A dc voltmeter. 


ally by a mask rotated by a synchronous 
motor. Sharply tuned filters are used to 
remove noise and synchronous detection 
is used to better the efficiency of re- 
covery. This unit can be operated on a 
50 -cycle power source by merely chang- 
ing a plug-in filter unit. 

Five steps of sensitivity have been 
provided by means of a front panel 
switch. The switch has five positions 
which equally divide the sensitivity 
ranging between 25 millivolts RF and 
250 millivolts RF fullscalc. Each step is 
approximately 3 to I dc sensitivity. 
Since the detector is square law, a 1 00 
to 1 dc range represents a 10 to 1 RF 
level range. The switch steps, therefore, 
are roughly 5db. 

If the Q to be measured is high and 
the test voltage is not critical, the least 
sensitive range would be used because 
the fluctuation noise is least and the 
response time of the voltmeter is shorter. 
At the higher sensitivities, the time of 
response is somewhat longer and zero 
fluctuation noise is noticeable. For very 
low Q devices, where it might not be 
possible ro develop 0.25 volt across the 
resonator, maximum sensitivity would 
be used. 

Provisions for Measurement 
of External Resonators 

The coaxial cable which connecrs the 
oscillator to rhe Q capacitor and the 
cable which connects the dc voltmeter 
ro the Q capacitor are jumpered ar the 
rear of rhe instrument ro allow for con- 
nection of external resonating devices. 
A suitable inductive probe connected to 
the oscillator output, to present a reason- 
able 50-ohm termination, could be used 
to lightly couple to the circuit under 
test and a small shunt diode could be 
used for rhe pickup. In this manner the 
external resonator would simulate, very 
closely, the internal resonator, and its 
Q and resonant frequency could be de- 
termined readily. 

This application represents a remark- 
able advance in the Q Meter an. Pre- 
viously, rhe Q Meter could only resonate 
on its terminals a therefore presented 
to these external resonating devices a 
non-reducible minimum shunt capaci- 
tance. With the UHF Q Meter rhe de- 
vices can be measured without signific- 
antly adding capacitance and changing 
the internal impedance of the external 
resonating device, To this respect, it 
would be well to point out that the 
UHF Q Meter has a lower minimum 
capacitance at its terminals (only 4 pf) 
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than the previous Q Meters in any fre- 
quency range. 

A more detailed discussion of ex- 
terna J resonator measurements will be 
given in Notebook Number 28. 

Power Supply 

A 300-volt, electronically regulated 
power supply furnishes all of the power 
for the oscillator and rhe dc voltmeter 
circuit. Power voltages for the voltmeter 
axe supplied through dropping resistors. 
Two regulated filament dc power sup- 
plies are required: One for the oscillator 
which has common cathode and heater 
connections* and the other for the 
constant-current pentode and low-level 
stages in ihe dc voltmeter. These dc sup- 
plies are transistor regulated with a dc 
Zener diode reference. Two 63- volt ac 
supplies are provided for noncritica] 
filament and bulb lighting. 

Conclusion 

Development of rhe UHF Q Meter 
Type 2 80- A has brought about a num- 


ber of significant advances co rhe Q 
Merer measurement arc First, it has 
made possible rhe direct reading, with- 
out correction, of Q, inductance, and 
capacitance. Second, che frequency range 
for Q measurements has been extended 
to 6 10 Me. Third, che resonant voltage 
has been lowered from approximately 
several volts, which was a function of Q, 
to 0.025 volts, which is constant for a 
measurement; opening the field for 
measurement of semiconductor devices 
and other non-linear impedances. Finally, 
a unique means has been provided for 
measuring the Q of external resonators 
wirh Q's up to 25,000, with negligible 
circuit loss due to the measurement. 


Specifications 


RADIO FREQUENCY CHARACTERISTICS 

RF Ranggt 210 ra 410 MC 
RF Accuracy t =t3 % 

RF Calibration: Increment* of approximately 1% 

RF Monitor Outpul; 10 mv. minimum Into 50 ohms* 
■ al frequency monitoring lack 


O MEASUREMENT CHARACTERISTICS 
Q Range: 

Tola! Range: 10 to 25,000* 

High Range: 200 to 25,000- 
Low Range: 10 <o 200 

■ 10 to approx. 2,000 employing Tnterool /'esonatfng 
capacitor 

Q Accuracy: -± 20% of indkoied Q 
Q Calibration: 

High Q Scale: Increment* of 1-5% up to 2,000 
Law Q Scale: Increment* of 3-5% 


INDUCTANCE MEASUREMENT CHARACTERISTICS 
L Range: 2.5 to 144 m^h‘ 

* aduol range depend* upon measuring frequency 
L Accuracy: i 1 1 to 15 % r 

' accuracy depend* upon resonating capacitance 
L Calibration: Increment* of approx. 5% 

RESONATING CAPACITOR CHARACTERISTICS 
Capacitor Range: 4 to 25 *x/t f 
Capacitor Accuracy] rb (5% + 0.2 piit) 

Capacitor Co I fb ration: 0.05 Hfi f Inoremenls, 4.5 frjuf 

0.1 fi/Lt Increment*, 5-15 fiM 
0.2 ftjif increment*, 15-25 fifif 


MEASUREMENT VOLTAGE LEVEL 
RF level*: 25, 40. 00, 140, 250 mv. nominal' 
* ocro*t measuring terminal* 


PHYSICAL CHARACTERISTICS 
Mounting: Cabinet for bench us ei by removal of 
end cover*, tuitable for 1 9" rack mounting 
Finish; Gray wrFnklo, engraved panel (other finishes 
available on spedal order) 

Dimension*; Height! 12*7/32" Width: W Depth: 17" 
Weight: Noti 72 lb*. 

POWER REQUIREMENTS 

280-A: 105*125/210-250 volt*, 50 cp*, 140 watts 

OflO^AP: 105-125/210-250 volts, 50 eps. 140 watt* 


A VHF Telemetering Signal Generator System 

WILLARD J. CERNEY, Sales Engineer 


The Tyne 202 -G FM-AM Signal Gen- 
erator and the Type 207-G Univerter 
(Figure 1) were designed specifically 
for measuring che performance of tele- 
metering systems and equipment. 1 With 
a frequency range of 195 to 270 Me, 
the 202 -G Signal Generator is ideally 
suited for checking telemetering recei- 
vers since this frequency range com- 
pletely bLankers the recently extended 
215 to 260 Me telemetry band. The 
207-G is a unity gain frequency con- 
verter which is used in conjunction with 
rhe 202-G to provide additional fre- 
quency coverage of 0.1 to 55 Me in the 
intermedia ie frequency range. 2 

Description of the Type 202-G 

A functional block diagram of the 
Type 202-G FM-AM Signal Generator 
is shown in Figure 2. The instrument 
consists essentially of an oscillator, a 

1. H. J* L*og. "A Telemetering FM-AM Signal 
Generator,'" BRC Notebook Number 21, Spring, 

1959* 

2. The 207-G may also be used to extend ihc fre- 
quency range* of the Types 202 -D and 202-F 
Signal Generators. 



Figures 1. Ra <k Mounted VJew of 202-G end 
207-G 


reactance modulator for FM> a pair of 
frequency doublers, an audio oscillaroq 
a regulated power supply, an output 
network, and associated monitoring 
meters. 


When a vohage is applied to the grid 
of the reactance rube, a proportional 
shift in frequency is accomplished. This 
modulating voltage is applied to the FM 
terminals and coupled through a net- 
work to the grid of the reactance tube. 
The band pass of this network is 30 cps 
to 200 kc. Modulating voltage may be 
selected internally from any one of 
seven standard RDB subcarrier frequen- 
cies, or from any suitable external oscil- 
lator capable of furnishing frequencies 
in the range of 30 cps to 200 kc AM 
may be obtained by means of a front 
panel internal modulation switch which 
places the audio signal on the screen 
grid of the second doubler tube. Simul- 
taneous AM and FM may also be ob- 
tained by using an external oscillator. 

The RF unit in this instrument is 
mounted on a rugged aluminum casting 
and is thoroughly shielded, This results 
io excellent stability, low leakage, and 
reliability. 

The instrument is designed for bench 
use or for installation in a standard 19- 
inch rack, All of che operating controls 
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are arranged in convenient functional 
order, on the front panel. All calibrated 
controls are direct reading. 

Description of the Type 207-G 

A functional block diagram of the 
Type 207-G Univerter is shown in Fig- 
ure 3- The instrument consists essenti- 
ally of a mixer, a local oscillator with a 
nominal center frequency of 195 Me, 
rwo broad -band amplifiers, an output 
srage, and a power supply. Input from 
the 202-G Signal Generator is fed into 
tbe mixer from which is subtracted the 
output frequency of the local oscillator. 
The resulting difference signal is then 
separated by filtering and amplified. 
The second stage amplifier drives the 
output srage which is a carbode follower 
used to provide a suitable source im- 
pedance. Like the 202 -G, the 207-G 
may be operated on a bench or installed 
in a standard 19-inch rack. AH Operat- 
ing controls are located on the front 
panel. 


Interconnection of Types 202-G 
and 207-G 

The frequency range of rhe 202 -G 
Signal Generator may be extended ro 
provide intermediate frequencies of 0.1 
ro 55 Me by interconnecting the instru- 
ment wich the 207-G with rhe output 
and patching cables furnished wirh the 
instruments, as shown in Figure 1. The 
Type 501-B Output Cable is connected 
to the 207-G unity gain output and the 
Type 502-B Patching Cable is connected 
between the 202 -G output and the 207- 
G input. These connections reproduce 
the FM and AM characteristics of the 
202-G ar the 207-G output. 

A Type 509-B Attenuator is supplied 
with the 207-G for use in cases where 
the signal level required is low com- 
pared to the constant noise level of the 
207-G. Used ar rhe output of the 207-G, 
rhe 20-db pad attenuates both the signal 
level and constant noise level. This per- 
mits the use of a higher inpur signal 
from the 202-G thus improving the 
signal-to-noise ratio. 

Applications 

The Type 202-G Signal Generator 
and Type 207-G Univerter, when used 
together, provide a signal generator 
system especially suited for measuring 
performance and aligning VHP tele- 
metering equipment. Some of the major 
applications of this system are listed 
below. 



Fj goto 2. Bt<xk Diagram — Type 202-G 


1. Receiver Alignment — The system 
may be used to check and align IF and 
RF amplifiers and local oscillators. Track- 
ing may also be checked in cases where 
VFO equipment is used. RF checks are 
performed with the 202-G and IF checks 
arc performed with the 207-G and 202- 
G interconnected. 

2. Receiver Bandwidth Measurements — 
The calibrated output system in rhe 
202-G makes rhe instrument a conven- 
ient tool for performing normal band- 
width measurements. These measure- 
ments arc made by first disabling the 
AGC in the receiver and then determ- 
ining the half-power points on the re- 
sponse curve. Through rhe use of a 
precision backlash -free gear train, ap- 
proximately 2,200 vernier togging divi- 
sions are provided to aid in making 
frequency measurements. Each logging 
division changes the output frequency 
approximately 34 kc. The minimum 
bandwidth char can be measured with- 
out use of the 207-G is determined by 
the required accuracy of the bandwidth 
measurement. For example, if the re- 
quired accuracy of rhe measurement is 
approximately 10%, then the minimum 
bandwidth directly readable from the 
202-G would be 350 kc. If the band- 
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Flyura 3. Biotic Diagram — Typa 207-G 


width is narrower or requires greater 
accuracy, it will be necessary to measure 
the bandwidth of the IF amplifiers at 
intermediate frequencies, using the cali- 
brated dial on the 207-G. This tech- 
nique is usually acceptable, since the IF 
amplifiers generally control the overall 
bandwidth of the receiver. 

3. Receiver Sensitivity Measurements — 
To fully analyze FM receiver perform- 
ance, three measurements must be made. 
These are maximum sensitivity, quieting 
sensitivity, and deviation sensitivity. 
The 202-G provides a calibrated output 
of 0.1 /j.v to 0.2 volt which is ideally 
suited for these measurements. Maxi- 
mum sensitivity is generally defined as 
the minimum amount of a specified 
carrier with a standard modulation that 
will produce a standard output with al) 
controls set for maximum gain. In mod- 
ern telemetering systems, it is not un- 
common to have receivers with sensitivi- 
ties of 0.5 >av or better. Quieting sen- 
sitivity is usually specified as the mini- 
mum unmodulated carrier signal re- 
quired to reduce the output noise by a 
specified amount below the output with 
standard test modulation. A typical re- 
ceiver required 3 ju.v to attain 20 db 
and 5.5 gv to attain 30 db of quieting. 
A deviation sensitivity test is the meas- 
urement that characterizes the discrimi- 
nator. This measurement is generally ac- 
complished by having a specified car- 
rier level, with minimum deviation, pro- 
duce a standard test output signal at the 
discriminator wirh all controls set for 
maximum gain. 

4. Receiver AGC Characteristics — 
Generally the telemetering receiver de- 
tects fluctuating RF signals from the 
telemetering transmitter due to the rela- 
tive motion between the receiver and 
transmitter. Because of the motion prob- 
lem, good AGC response and control are 
necessary to insure reliable reception. 
The fact chat the 202-G has a continu- 
ously calibrated RF signal output which 
can be continuously varied, makes this 
instrument particularly suited for meas- 
uring the AGC level and response. The 
AGC level is determined by feeding a 
predetermined RF level inco the receiver 
and measuring the amount of dc level 
in the AGC circuit. Normally, AGC 
time response is checked using a low- 
frequency square wave to amplitude 
modulate an RF source of a predeter- 
mined level and observing the rise time 
of the AGC voltage on an oscillograph 
or oscilloscope. 

5. Recovered Audio Distortion — -The 
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signal generator system may be used to 
measure distortion on recovered audio 
in TCM (tone code modulation), PM 
(phase modulation), and ocher overall 
systems. This determination would nor- 
mally be made with a distortion ana- 
lyzer, such as the H-P 330B, connected 
to the output of the receiver under test. 

6. Pulse Response Check — Occasion- 
ally in PAM (pulse amplitude modula- 
tion), PCM (pulse code modulation), 
and PDM (pulse deviation modulation) 
types of modulation it is important to 
know the overall pulse response of a 
receiver. If excessive delay, rise time, 
fall time, and overshoot occurs with the 


recovered data, rhe overall data handling 
capability of a system is adversely af- 
fected. The pulse response check is ac- 
complished by using a square-wave gen- 
erator to modulate the 202 -G and ob- 
serving the output pulse on a good 
oscilloscope. 

7. System Performance Check — By 
modulating rbe 202-G with an external 
subcarrier generator, the overall per- 
formance of a complete data system may 
be checked. A check of the system can 
also be made co determine system reli- 
ability versus signal and modulation 
level. The modulating signal may also be 
recorded and compared with the re- 
covered data. 


MEET OUR REPRESENTATIVES 

Instrument Associates, Inc. 


The main sales offices of Instrument 
Associates, Inc. are situated in Arling- 
ton, Massachusetts, in close proximity to 
Massachusetts' famous “electronics high- 
way” (Route 128). Organized in 1955 
by James F. McCann the company has 
continued to expand its operations to 
keep pace with die growth of the elec- 
tronics industry in the New England 
area. In 1956, to meet the ever-increas- 
ing demands for competant applications 
engineering assistance, Instrument As- 
sociates, Inc. established a second sales 
office in Hartford, Connecticut. Com- 
pletely modern, well -designed, and well- 
staffed facilities in both locations in- 
clude general sales offices, sales order 
departments, display aod demonstration 
areas, seminar rooms, and fully -equipped 
engineering service laboratories. Cus- 
tomer applications engineering service is 
available from factory -trained field em 



/jifti-umeAl Ajsocrmos, Jnc. Headquarter* In 
Arlington, Man. 


gineers who serve the states of Maine, 
Vermont, New Hampshire, Massachus- 
etts, Rhode Island, and Connecticut. 

Importanc past experiences in various 
positions have aided "Jim" in evolving 
his company's concept of "sales through 
service". After securing his BSEE degree 
from Tufts University, he pursued grad- 



James F. McCann 


uare studies in Business Administration 
at Boston University. His engineering 
career started at che General Electric 
Company where he spent seven years as 
design and development engineer. The 
next two years involved government 
sales with the same company. A com- 
missioned officer in the United Stares 
Navy, he served in both World War II 
and the Korean War. 


We at BRC are proud of our associa- 
tion wirh Instrument Associates, Inc. 
and salute them for their continuing 
record of faithful service to our many 
customers in the New England area. 


275-A As A Bios Supply 
for Making Transistor 

Measurements on the RX Meter 

The 275 *A Transistor Test Ser not 
only provides a highly accurate source 
of measurement for « & /?<* and bib, but 
can be used to furnish I E and V 0B bias 
for measurements on the RX Meter. The 
power supplies in the 275-A axe ideal 
for this purpose because they are con- 
tinuously variable, well regulated, and 
easily reversed. In addition, both I E and 
V 0 b are monitored with an accurate 
meter and the voltages axe readily ac- 
cessible from the front panel test 
terminals. 

When operating the 275-A in this 
manner, it is advisable to remove .the 
1000-cps signal superimposed on the E 
and B terminals, as this signal may cause 
an indefinite null on the RX Meter. The 
signal is easily removed by connecting 
a suitable capacitor; eg., 30 fd with a 
minimum working voltage of 15 vdc, 
across the E and B test terminals, and 
setting the « -h lb -j6 Selector to the .9 — 
1.0 oc range. The positive terminal of 
the capacitor must be connected to the B 
terminal on the 275-A when the NPN- 
PNP switch is in the NPN position, and 
to the E terminal when the NPN-PNP 
switch is in the PNP position. 

A detailed discussion of a method for 
dete rminin g transistor parameters using 
the Transistor Test Set Type 275-A and 
the RX Meter Type 2 50- A is presented 
in Notebook Number 26. 


ARVA, INC. NEW BRC 
SALES REPRESENTATIVES 

Boonton Radio Corporation is pleased 
to announce the appointment of ARVA* 
Inc. as sales representatives for BRC in 
the states of Alaska, Washington, Ore- 
gon, Idaho, and Montana, and the West- 
ern Canadian Provinces of British 
Columbia, Alberta, Saskatchewan, and 
Manitoba. Headquarters of ARVA, Inc. 
is located in Seattle, Washington. Other 
sales offices axe located ia Spokane, 
Portland, and Vancouver, D. C. Canada. 
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EDITOR'S NOTE 

Hewlett-Packard S. A. 
Appointed European Distributor 
for BRC Products 

la order to further improve our serv- 
ice co our many European customers, 
BRC, effective July 1, I960, appointed 
Hewlett-Packard S. A. Rue Du Vieux 
BLIlard No. 1 Geneva, Switzerland, ex- 
clusive sales coordinator and distributor 
for our products in the following coun- 
tries; Austria, Belgium, Denmark, Fin- 
land, France, Western Germany, Greece, 
Italy, Netherlands, Norway, Portugal, 
Spain, Sweden, Switzerland, Yugoslavia, 
and United Kingdom. Under their dir- 
ecrion, qualified Engineering represent- 
atives have been established in each of 
these countries to provide local applica- 
tion engineering, order processing, and 
repair services. 

BRC products are now available for 
immediate delivery from HPSA's "duty- 
free 1 * warehouse in Basel, Switzerland 
with one minimum uniform surcharge 
added to the U. S. catalog price to cover 





r 

j V* ■ 
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Bill Dqo/jfHa, Managing Director HPSA 

shipping and handling costs. Bulk air 
shipments to the Basel warehouse are 
made periodically from our plant in 
Boonton, New Jersey thereby eliminat- 
ing expensive export packing -charges 
and, by consolidation, actually reducing 
the shipping and handling charges on 
individual items. 

For more than a decade, BRC has in- 
tensively trained its domestic Sales Rep- 
resentatives through frequent Sales Sem- 


inars at our factory in Boonton, New 
Jersey but, because of the long distances 
involved, u has not always been possible 
for a majority of our European repre- 
sentatives to regularly participate in this 
program. Under our new arrangement 
with HPSA, special Training seminars 
arc now scheduled in Geneva, Switzer- 
land, exclusively for our European staff. 
Representatives from our factory will 
make available to all of our European 
customers the very latest application en- 
gineering data on both new and estab- 
lished products. The first of these semi- 
nars will be held in April, at which rime 
BRC will be represented by Harry J. 
Lang, Sales Manager, 

Import control regulations in many 
European countries have made it dif- 
ficult or even impossible for potential 
BRC customers to receive demonstra- 
tions of BRC instruments. To overcome 
this problem, HPSA has equipped a 
specially constructed Mobile Demonstra- 
tion Laboratory, outfitted with many of 
the newest BRC instruments, to make 
on-the-spot demonstrations in any part 
of Europe. 
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ALBUQUERQUE, New Mexico 
GENE FRENCH COMPANY 
7900 Zunl Road $£ 

Telephone: AMherst 8-2478 
TWX: AQ 70 

ATLANTA 5, Georgia 

BIVINS & CALDWELL, INC. 

3110 Maple Drive, N.E. 

Telephone: CEdar 3-7522 
Telephone: CEdar 3-3698 
TWX: AT 987 

BINGHAMTON, New Vorjfc 

E. A. OSSMANN 4 ASSOC-. INC. 
149 Front Street 
Veiled, New York 
Telephone: STIJlwell 5-0296 
TWX; END ICOTT NY 84 

BOONTON, New Jersey 

BOONTON RADIO CORPORATION 
50 Intervene Rood 
Telephone; DEeHield 4-3200 
TWX: BOONTON NJ 866 

BOSTON, MouochuroH* 
INSTRUMENT ASSOCIATES 
30 Pork Av«n vo 
Arlington, Maxi. 

Telephone: Mliilon 8-2922 
TWX: ARL MASS 253 

CHiCAGO 45, Illinois 
CROSSLEY ASSOC.. INC. 

2501 W, Peter ion Ave. 

Telephone: BRoadwoy 5' 1600 
TWXi CG508 

CLEVELAND 24, Ohio 
S. STERLING COMPANY 
5827 Mayfield Rood 
Telephone: HILLcreif 2-8080 
TWX i CV 372 


DALLAS 9, Texas 

EARL LIPSCOMB ASSOCIATES 
3605 Inwood Road 
Telephone* Fleetwood 7-1881 
TWX: Dl 411 


DAYTON 19, Of»o 

CROSSLEY ASSOC.. INC. 

2801 Far HIlU Avenue 
Telephone: AXmln&ter 9-3594 
TWX: DY 306 

DENVER 15, Co/ ora do 
GENE FRENCH COMPANY 
P.O. Ho* 15275 
Telephone: MAJn 3-1458 


DETROIT 35, M/ch/gon 
S. STERLING COMPANY 
15310 W. McNIchoU Rd. 
Telephone: BRoadwoy 3-2900 
TWX: DE 1141 


El PASO , Texas 

EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone* KEystone 2-7281 


HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephoner C Hope I 6-5686 
TWX; HF 266 


HIGH POINT, North Caroline 
BIVINS & CALDWELL, INC, 
1923 North Main Street 
Telephone: High Point 2-6873 
TWX: HIGH POINT NC 454 

HOUSTON 5, Texas 

EARL LIPSCOM8 ASSOCIATES 
3825 Richmond Avenue 
Telephone; MOhowk 7-2407 
TWX: HO 967 


HUNTSVILLE, Alabama 
BIVINS & CA LOWELL, INC. 
Telephone! JEtfenan 2-5733 
CDirect line lo Atlanta) 
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INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC. 
5420 North College Avenue 
Telephone: Clifford 1-9255 
TWX; IP 545 

LOS ANGELES, California 
VAN GROOS COMPANY 
21051 Coslanto Street 
Woodland Hills, California 
Telephone: Diamond 0-3131 
TWX: CAN OGA PARK 7034 

ORLANDO, Florida 

BIVINS & CALDWELL, INC. 
723 Wait Smith Avenue 
Telephone: CHerry 1-1091 
TWX: OR 7026 


OTTAWA, OnfoWo, Conodo 
8AYLY ENGINEERING, LTD. 
48 Sparks Street 
Telephone: CEnlrol 2-9821 


PITTSBURGH 27, Pennsylvania 
$, STERLING COMPANY 
4232 Brownsville Rood 
Telephone; TUxedo 4-5515 


PORTLAND 9, Oregon 
ARVA, INC. 

1238 N.W. Gilson Street 
Telephone: CApilol 2-7337 


RICHMOND 30, Virginia 
BIVINS & CALDWELL, INC- 
1219 High Point Avenue 
Telephone: Elgin 5-7931 
TWX: RH 586 


ROCHESTER 25, New York 

E. A. OSSMANN & ASSOC., INC. 
830 Unden Avenue 
Telephone! LUdlow 6-4940 
TWXj RO 189 


CORPORATION 


SALT LAKE CITY , Utah 
GENE FRENCH COMPANY 
138 South 2nd fast 
Telephone: EMplre 4-3057 
TWX: SU 253 

SAN FRANCISCO, California 
VAN GROOS COMPANY 
1176 Lo& Altos Avenue 
Loi Altoi, California 
Telephone: WHiteeliff 8-7266 


SEATTLE 9, Woshiaglon 
ARVA, INC- 
1320 Prospect Street 
Telephone: MAEn 2-0177 


SPOKANE 10, Washington 
ARVa, (NC. 

Ealt 127 Augusta Avenue 
Telephone: FAJrfox 5-2557 


St. PAUL J 4, Minnesota 
CROSSLEY ASSOC., INC- 
842 Raymond Avenue 
Telephone: Mldwoy 6-7881 
TWXt ST P 1181 


SYRACUSE, New York 

E. A. OSSMANN S ASSOC-, INC 
2363 lames Street 
Telephone: HEmpilead 7-8446 
TWX: SS 355 

TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 

Hunt Street 

A fox, Osorio, Cano da 
Tolephona: AJox 118 
(Toronto) EMplre 2-3741 

VANCOUVER I, D. C. Canada 
ARVA, INC. 

355 Burrard Street 
Telephone: MOtual 2-4323 


Printed in U.£A. 
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The BRC UHF Q Meter 
A New and Versatile Tool for Industry 

CHARLES W . QUINN. Sales Engineer 


Q Meters have been serving the elec- 
tronic industry for more than 25 years. 
Their original application was in the 
design of resonant circuits, in the early 
days of radio- frequency communication 
and broadcasting. Since that rime, Q 
Meter applications have multiplied 
many times. The basic theory of Q 
Meter operation however, had not 
changed in all these years, until the de- 
velopmenc of the new Type 280-A UHF 
Q Meter. 0 With this change in Q meter 
theory, the applications will be again 
multiplied. Ic is these applications which 
are the subject of this article. Convert* 
rional measurement's, as well as uncon- 
ventional measurements, which include 
measurements of external resonators and 
components, and "io circuit” Q measure- 
ments, will be described 
PURPOSE 

The prime purpose of the UHF Q 
Meter is to provide industry with a 
versatile impedance measuring device 
rhar will errend Q Meter measure- 
ments into the UHF region. The UHF 
Q Meter is a completely self-contained 
instrument capable of measuring, rap- 
idly, conveniently, and directly; Q, ca- 
pacitance, and inductance. Until the ad- 
vent of the UHF Q Merer, a signal 
generator, a frequency measuring de- 
vice, a dc amplifier, and coupling de- 
vices were required to make these 
tedious measurements. laductance and 
capacitance, which are now measured 
directly on the calibrated capacitor, 
could not even be measured with the 
above-mentioned equipment. 

OPERATING PRINCIPLE 

To aid the reader in understanding 
che theory of the Type 280-A UHF Q 


YOU WILL FIND . , . 

Applications of the UHF 0 Meter .... I 

Service Note 6 

A 10-500 Me Signal Generator Power 

Amplifier 1 

Editor** Note 8 





Colt Measurement 


figure >. Typical AppTtcaiion* of the UHf O Mefor 


Merer it might be well, at this point, 
to compare its operation with the lower 
frequency Q Meters, Types 260-A and 
190-A. This comparison is especially 
necessary if use of the instrument, be- 
yond the obvious, is to be understood. 

Preivous Q Merers urilized rbe defini- 
tion that: 

Rp 

Q — 

Rs Xi.p 

“S and P subscripts indicate series and parallel 
Con£gu rations respectively. 

as well as the fact that rbe voltage ( V (: ), 
measured across C ( the Q capacitor ) , 
has the following relationship at re- 
sonance: 

V c * 

V<; — Qvs, or Q — 

V s 

'Within rbe Q Merer Q limirs 4 10 10 625). 
Vc; is the voltage injected in series with 


the resonant circuit (Figure 2A). If V s 
is held constant, then Q is directly 
proportional to V r . This basic principle, 
employed in all BRC Q Merers to date, 
is known as the "resonant rise" system 
of making Q measurements. 


ESTIMATE THE Q 
WIN A Q METER 

Yes, that is nil thot is necessary to win 
iho factory reconditioned Type 160-A Q 
Meter which will be on display in the BRC 
exhibit at the IRE show to be held in the 
Now York Coliseum from March 20th 
through March 23rd. The Q Meter will be 
awarded to ihe person whoso estimate is 
closest to the actual measured Q of the 
resonator circuit to be displayed with the 
0 Meter. Complete Information wiJJ be 
furnished by engineering personnel on duty 
In BRC Booths 3101 and 3102. 
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jour times a year by the Boonton Radio 
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he reprinted only with written permis- 
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The UHF Q Meter uses the peak of 
the resonant rise to indicate resonance, 
but employs the bandwidth relation- 
ship to determine Q, where: 

fr 

Q = ^ (1) 

Af 

This relationship is shown in Figure 3. 
Af is the frequency beeween the two 

0.707 voltage or half-power points, and 
f r is the frequency at the resonant 
peak. As is indicated in Figures 2B and 
4, there are other more subtle differ- 
ences between the UHF Q Meter and 
rhe lower frequency Q Meters. These 
will be discussed later in rhis article, 
FIELDS OF APPLICATION 
Because of ics frequency range, the 
UHF Q Meter will serve many fields 
of the electronic industry. Some ex- 
amples of these fields ar given below. 


BASIC OR CONVENTIONAL 
MEASUREMENTS 
Set-up Procedure 

A condensed sec-up procedure will 
be given at chis point co aid in the 
understanding of the instrument. The 
same procedure is used for both con- 
ventional and unconventional measure- 
ments. Arbitrarily, it will be assumed 
that the Q and inductance of a small 
inductor is going to be measured. 

1. The component to be measured 
is clamped to the Q capacitor terminals 
by means of rhe clamps provided ( Fig- 
ures 1 and 3), or by ocher suitable 
means. 

2. The oscillator is adjusted co pro- 

vide the desired bperating frequency by 


HI HI 


(h)~ 

Simplified Crreurf — Conventional Q Meter 
( Type 260- A) 



~ **L IS THE RESIDUAL 
(S) INOUCTANCE OF THE 
Q CAPACITOR. 


Simplified CJreu rf — UHF Q Meter Type 
260-A 

Figure 2. Comparison of O Measuring Circuit 
in Conyen/ionol Q Wafers and the UHF Q Meier 

means of rite appropriate controls. 

3. The Q capacitor is adjusted until 
ourput is indicated on rhe resonance 
indicating meter. 

4. The Q capacitor or Q ( fre- 
quency) control is adjusted in con- 
junction with rhe Level Set control un- 
til che resonant peak is indicated at full 
scale on rhe meter. 


5. The appropriate Q dial is locked 
and its knob is turned clockwise to the 
proper half-power point which is indi- 
cated by the Q mark on the meter. 

6. The Q dial is unlocked and the 
knob is rotated in a counter-clockwise 
direction, through die resonant peak, 
to the opposite half -power point; also 
indicated by the Q mark on the meter. 

7. Q is read directly on the appro- 
priate Q dial, capacitance is read di- 
rectly on the Q capacitor dial, and in- 
ductance is read directly on rhe integral 
calculator dial* 

Inductance Measurements 

Inductance measurements are a pri- 
mary function of all Q Meters. The 
UHF Q Merer capacitance dial is pro- 


vided with a spiral calculator to com- 
pute inductance from the capacitance 
reading and the operating frequency. 
The direct-reading inductance range is 
2,5 to 146 mill imicr oh en ties (Figure 
6). Circuit Q is read directly from the 
CIRCUIT Q dial. 

Capacitance Measurements 

Capacitance measurements are sec- 
ond nature to a Q Meter, but are in- 
direct measurements in that a reference 
inductor or "work, coir must be used. 
The clamps provided with the instru- 
ment permit individual connection of 
the work coil and the unknown ca- 
pacitor for parallel measurements. Stan- 
dard Q Meter procedure is then em- 
ployed to make the parallel capacitance 
measurements and all general Q Meter 
equations 2 - 7 apply. Qt and Cj of the 
work coil are measured; then, with the 
unknown capacitor (Qc) connected, 
and C 2 are also measured. The capaci- 
tance of the specimen is determined by 
the equation; 

C x = Ci — - C 2 

and 

Qi Q2 c x 

Qx = X 

Qi-Q* C, 

Dissipation facroi measurements can be 
estimated by referring to Figure 7. For 
example, a 20-pf capacitor with an 
of 0.3 meg. ohms can be detected at 210 
Me, using a work coil with a Q] of 300. 
The dissipation factor would then be 
computed at follows: 

1 X c 40 

D=— = = 

Q Rp 0.3 X 10* 

— 130 X 10-« 

= 0.00013 

Consider the possibilities if higher Q 
inductors or resonators are used. One 
precaution must be observed if a false 
value for C 2 is to be avoided. The Q 
dials (frequency dials) should always 
be returned to their original posirioos, 
indicated by rhe resonant peak of che 
work coil before Cx was connected. 

Direct parallel capacitance measure- 
ments, over a range of 0.1 to 20 pf are 
possible on the UHF Q Meter. It is also 
possible that capacitance measurements 
can be extended by a "step-shunt” tech- 
nique. This technique requires that an 
external capacitor or capacitors (C^ and 
Cb), within the capacitance range of 
the instrument, be calibrated at the 
frequency of measurement. Tbe external 
capacitors are theQ connected in parallel 
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with another work coll and the Type 
280-A internal capacitor is adjusted to 
peak. The externa) capacitors are re- 
moved as required when the unknown 
capacitor (Cx) is connected. Then; 

Cx = C A + Cu + (Cj — C^) ( 2 ) 
Series techniques may also be used. 
Some suggestions on this subject are 
taken up in the resistance measurement 
section which follows. 

Resistance Measurements 
Resistance measurements are also in- 
direct measurements, and the procedure 
used is identical to that used for ca- 
pacitance measurements. In this case, 
however, we are interested in the major 
parameter of resistance. Figure 8 shows 
approximate limits of measurable re- 
sistance for indicated Qi values of 300 
and 300, Q> values of 20 and 10, and 
a AQ of 10. Approximate limits for 
both parallel and series measurements 
are given. The upper limits of paral- 
lel measurements may be extended by 
utilising higher Q reference inductors 
and smaller AQ values. The lower lim- 
its of .parallel measurements may be ex- 
tended, slightly, by using additional 
external capacitance. 

At ultra -high frequencies, series 
measurements present a more difficult 
problem. First, shunt capacitance and 
series inductance of the series jig must 
be small relative to the resistance to be 
measured. Secondly, a low jnducrance 
and low resistance short-circuiting de- 
vice muse be employed. 

in the Type 280-A, circuit component 
contact resistance is basically the lower 
limiting factor in series measurements. 
This contact resistance usually becomes 
a function of the component shape and 
may require a special machined fixture 
for a given component. 

A short cut to solving the multiple 
computations of the real component of 
parallel impedance measurements is Il- 
lustrated in Figure 7. Curves for a given 
work coil, with Qi and frequency held 
constant, are plotted as a function of 
and R|^ If the work coil is stable, 
well designed, rigid, well plated, etc., 
these curves, or a group of curves, can 
be used for general measurements over 
long periods of cime. 

SPECIAL OR NONCONVENTIONAL 
MEASUREMENTS 

The basic parameters of L, C, and Q 
are often affected when brought near, 
or in contact with, a component to be 
tested. Let us consider some specific 
instances and determine what measure- 
ments may be made. 



Fig urn 3. Q Resonance Curve 


Measurements Involving Change 
in Inductance and Resistance 

Iron cores, shells, toroids, and rods 
may now be tested simply, at higher 
frequencies, with die UHF Q Meter. It 
has been fouod chat some defects are 
detectable in the resistive or Q 2 indica- 
tion at these frequencies (210 to 610 
Me) that do not show up at rhe lower 
operating frequencies. 

The ferro- resonant frequency of some 
ferro-magnetic components may be de- 
tected on the resonance indicating met- 
er, if this resonance falls within the 
instrument frequency range. 

Figure 9 suggests a possible jig de- 
sign for coupling these and other com- 
ponents, liquids, and materials into the 
inductive field of a test coil. The plastic 
plug can be machined to precisely posi- 
tion rhe specimen so thar the change 
in C, L, or Q falls within the range of 
ihe instrument. A change of inductance 


indicates a change in effective per- 
meability and a change in Q indicates 
a change of specimen resistivity. A high 
degree of precision can be achieved in 
diese measurements, since both the work 
coil and plug can be fabricated on pre- 
cision machines. 

A work cotl aod two plastic plugs, 
patterned after those shown in Figure 
9, were made aod attached to the Q 
capacitor terminals on the UHF Q 
Meter, and a few experiments were per- 
formed which produced some interest- 
ing resulrs. In che first experiment, a 
group of small shell cores were inserted 
in the plastic plug aod rested at 400 
Me. Q] was determined to be within 
3% of 630, and was within 5% of 
284 for all cores. Inductance iocreased 
by 3%, indicating permeability greater 
than unity, even at 400 Me. Core #4 
showed a 5% decrease in inductance, 
with a drop to 135 in Q;>. This core 
was obviously of low-frequency material 
acting like a poor short circuit. This ex- 
peri menr indicates a technique for eval- 
uating inductive timing or adjustment 
devices and their effects upon circuit 
Q at ultra-high frequencies. 

The author has long been curious 
about the effects of liquids on circuit 
Q. This curiosity led to the second ex- 
periment, performed to determine rhe 
effect of rap warer on circuit Q, with 
and without a few salt crystals added. 

measured for the cleat water was 
610. Low losses, very little change m 
inductance, and approximately L% in- 
crease in distributed capacitance were 
noted. A pinch 0 / salt (NaCi) was 
then added and rhe effects noted. Q-* 
dropped to 255, with no inductance 
change apparent. It can be concluded 



figure 4. Block Diagram of UHF Q Meter Showing External Resonator Connections 
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then, chat the RF resistivity or losses 
only change in a positive direction with 
the addition of salt. 

These experiments point up rhe ap- 
plication of the UHF Q Mecer in the 
UHF inductive heating field (cooking 
of foods, curing of adhesives and resins, 
etc.) where it is important to know 
the frequency of optimum energy ab- 
sorption. 

Jigs similar io theory to the one dis- 
cussed above, bur more sophisticated, 
may be constructed ro detect, test, and 
measure more complex components 
and materials aod to solve more exacting 
problems. For example, a capacitance- 
loaded or 'end-timed " coaxial resonator 
could be adapted ro check toroidal be- 
havior under truly inductive conditions 
and with rhe flux lines in a specific 
plane. 

Measurements Involving 
Change in Capacitance and 
Resistance 

The measurement of rhe dielectric 
loss factor of Teflon, Polyechlene, etc., 
is one of the most difficult measure- 
ments to make with axiy degree of 
accuracy. For example, high-grade Tef- 
lon is known to have a loss factor of 
approximately 0.00014, 

The Type 280- A UHF Q Meter, with 
its frequency range of 210 to 610 Me 
and Q range of 10 to 25,000, makes 
this equivalent high shunt resistance 
more readable. Further, since the Type 
280-A employs a bandwidth measuring 
system; i.e., Af is measured between 
the half-power points, permitting the 
use of frequency counting techniques; 
calibration and readability of the Q 
dials can be eliminated as a source of 
error and AQ becomes more readable, 
limited only by our ability ro measure 
Af. Let us consider the order of 
Af or frequency changes that will be 
encountered for such a measurement. 
Conditions: 

L The specimen capacitance (CO 
should be about lOpf. 

2. ff a plate area of 0,6 inches is used, 
material thickness should be 1/32 
inch for approximately 10 pf C x . 

3. Ct, under these conditions, should be 
approximately 15pf. 

4. Q, should be at least 500. 

5. Operating frequency is 300Mc 
Solving /or A^-' can QOW solve for 
the expected AQ for a 0.0001 dissipa- 
tion factor. In this case: 

1 

D — — , Q* — 10,000. 

Q, 


HfGH GROUND 

TERMINAL PLANE 



1. ALL DIMENSIONS IN INCHES, 
e ALL HOLES TAPPED 2-S«. 
3. A.8- CALIBRATED SPECIMEN 
MOUNTS POINTS. 

figure 5. Q Capacitor Terminal Dimension* 

Using the standard equation for Q: 

Qi Q2 C x 

Q* = x . ( 3 ) 

AQ C, 

Let C,/Ct K — 0.66 which is a 

practical ratio adjustable by manipula- 
tion of indueance or frequency and spe- 
cimen thickness. Then: 


Q.Q2 

Q* = K 

AQ 

(4) 

since 


Qs = Ql - AQ; 

(5) 

and 


KQ, 3 

AQ = ■ 

(6) 


Q., + KQ, 

Example- (for above conditions): 
.66 (500) 3 

AQ = — -- 

10,000 + .66 x 500 

.66 (25 x 10 4 ) 


10,330 

= 16 


Calibrated dial divisions at chis Q 



Figure tf. inductance Range of the UHF Q 
/Merer ('Direct Reading) 


value are 10 units. This means that 
estimates from the dial reading can be 
within approximately 20% of this AQ 
value. With a AQ of 16 at a frequency 
(f r ) of 300 Me, what is the frequency 
bandwidth change? Let us refer to this 
change as A fa- The derivation of the 
equation used is as follows: 


<r 

fr 


Q. = . 

Afi = — 

(7) 

Af, 

Q, 


fr 

fr 


Q* = . 

Af- = — 

(8) 

Af* 

Q* 


AQ = Q, -Qa, Q, > Q- 


> 

CfJ 

II 

> 

1 

> 

(9) 


fr fr 

~Q, Ql 

Clearing: QJr—QJr 

Afa = 

Qi Q* 

^ fr (Ql — Qa) 

QlQ* 
fr (AQ) 

= — ( 10 ) 

Ql Q* 

To compute rhe above example: 

300 Me x 16 

Afa = 

500 x 484 

= .0198 Me -br 19.838 kc 

From the above example, two factors 
stand out as important to the accuracy 
of measurement: First, the value of the 
ratio K in equation 4, especially if the 
Q dial readout is to be used, should ap- 
proach as close to unity as possible to 
optimize readability. Secondly, equa- 
tions 7, 8, 9, and 10 indicate that a 
frequency measurement technique can 
be used to measure Qj, Q^, .and AQ. 
Use of an Auxiliary Frequency 
Counter to Measure Loss Factor 
Fortunately for those wich dielectric 
loss measurement problems, the art of 
frequency measurement is highly re- 
fined and is really a simple solution 
to the loss-factor measurement problem. 
A popular frequency measuring device 
found in most laboratories is the fre- 
quency counter. This instrument, with 
a suitable transfer oscillator, has more 
than sufficieor accuracy and resolution 
for chis application. The frequency 
counter is connected to jack JL at the 
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Flguro 7. Rf> versus 0 7 and C* 


rear of the Type 280A (Figure 4) 
which is provided especially jfor moni- 
toring the UHF Q Meter frequency. 
With this technique the accuracy of 
measurement is determined by the short- 
term frequency stability of rhe Type 
280-A and rhe stability of the half- 
power indicator in its most insensitive 
position (position of maximum stabil- 
icy). In this mode of operation, 0.5 kc 
per minure per 100 megacycles can be 
resolved with good repeatability. For 
this method of dielectric measurements, 
it is convergent to derive the equations 
for Q v and D x (dissipation factor) jn 
terms of frequency. Considering the re- 
lationships of equations 7 and 8 ? equa- 
tion 3 can be written: 


Qr = 


U~ Afi x t-> C x 

0 A ~ X X — 

Afl * AE' Af- X f P — Afl * f,- Cl 
fr* Q 

l r (Afa-Afi)C, 

tr C x 

= ~ x— (LI) 

( Afu— Afj) Q 

Af,-AE Ci 

D x = — x— (12) 

f r Qr 

Dielectric loss factor measurements in 
this range, were heretofore obtained by 
refined techniques aod extreme skill. 
The Type 280-A Af technique can 
achieve ± 10% accuracy ( or one part 
in the fifth place) with considerable 
simplification of the measurement pro- 



Afi Af, 


Ci 


cedure in this frequency range. 

Measurement of Semiconductor 
Components and Materials 

Since one of the key features of 
the new UHF Q Meter is high detector 
gain, low RF levels are available across 
rhe componenc to be tested. The level 
can be selected by the front panel SEN- 
SITIVITY control from 25 to 250 
millivolts. Of the many components 
measurable in this RF voltage range, 
rhe variable-capacitor diode is one of 
the best examples. Here, one is most 
concerned with the behavior of Q and 
capacitance as a Emotion of bias and 
frequency. With 0.025 volts RF across 
the diode, investigations to almost zero 
bias (0,lv dc) can be made. RF im- 
pedance of detector and mixer diodes 
can be determined using standard Q 
Meter equations 7 . A suggested design 
for a diode jig, with provisions for bias- 
ing, is shown in Figure L Other para- 
metric and nonlinear components, in- 
cluding h iL >, hoj., and h ch of some UHF 
transistors, may be measured in a sim- 
ilar manner. Semiconductor material re- 
sistivity can be measured in the electro- 
static manner previously described un- 
der "Measurements Involving Change 
in Capacitance and Resistance ", or rel- 
ative resistivity can be obtained using 
the inductive jig previously described 
under "Measurements Involving Change 
in Inductance and Resistance." 

External Resonator and 
"In Circuit" Measurements 

One of the most ioreresdng phases 
of rhe new UHF Q Meter application 
is the measurement of external reson- 
ators and "in circuit” measurements. Re- 
ferring to Figure 2B and 4, observe that 
there is really no direct connection to 



FIguro 8. Approximate Resistance Rang* of 
the UHF Q Meter 


the injection and detection circuits. The 
RF signal is actually magnetically 
coupled or induced into the Q capacitor 
by a pisron-type inductive attenuator. 
This device is a tubular probe, with a 
single turn of wire at ics end. The de- 
tector circuit is similar to a conventional 
diode probe used on many RF vacuum 
tube voltmeters and is coupled to rhe 
Q capacitor by merely bringing one end 
of it near the electrostatic field of the 
stator structure. 

The fact that there is actually no 
conductive connection to the circuit un- 
der tesc suggests many possible config- 
urations for making measurements. As 
shown in Figure 4, connections to the 
Q capacitor assembly have been made 
through a series of jacks and jumpers 
located at the rear of the instrument. 
This means that the oscillator and 
high-gain amplifiers may be discon- 
nected from rhe Q capacitor. 

External Resonators 

First, let us assure that we have a 
coaxial resonator and need ro know its 
Q and resonant frequency. Due to the 
physical size of the component, it can 
not be mounted 4 on rhe Q capacitor ter- 
minals. Even if it could be mounted, 
the minimum capacitance of 4pf would 
prohibit uncorrected measurements. The 
Type 280-A, with appropriate accessor- 
ies, can make these measurements on 
the bench rather than on the instrument. 
Figure 4 shows the connections for a 
typical resonator circuit. The piston 
attenuator and diode probes shown in 
Figures 1 and 4 will be made available 
as optional accessories for the Type 
280-A. 

The procedure for making this meas- 
urement is basically the same as for 
making conventional measurements, ex- 
cept that the "Level Set” controls (Q 
capacitor piston atceouacor and Q ca- 
pacitor controls) are no longer opera- 
tive. The motion of the attenuator probe 
and adjustment of the dc potentiometer 
serve as the ''Level Set” control once 
the detector probe has been positioned. 
The frequency or CIRCUIT Q dials are 
then tuned to obtain the resonant peak. 
The resonant frequency is read directly 
on the frequency dial, or by means of 
external frequency measuring equip- 
ment if desired. The Q measuring pro- 
cedure is the same as described above 
for inductors. 

Care must be taken to avoid unex- 
pected loading of the resonator. Pre- 
vention of this loading is one function 
of the coupling block and is also the 
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reason that an adjustment is provided 
on the attenuator probe. Two Q read- 
ings, at different detector probe and 
attenuator probe settings, will establish 
the extent of loading. If there is any 
loading. will be different than Qi- 

A plot of two or three Q readings 
as a function of coupling will show that 
Q approaches a limit, asymptotic to the 
Q value* at which the Type 280-A in- 
jection and detea ion circuit reflected 
losses are negligible. This Q value is 
the actual unloaded Q of the resonator 
under test. 

In resonators of this type, Q is im- 
portant as a method of determining 
bandwidth in receivers. The effects of 
circuit loading can be determined and 
optimized. 

As a power handling device, Q is re- 
lated to efficiency (£) as follows: 

Qi> 

E = LOO (1 — ) %, (13) 

Qur* 

where Qr, = Q loaded and Qttl — Q 
unloaded. 

"In Circuit" Measurements 

A distincr advantage of the UHF Q 
Merer is its ability to measure the Q 
of resonant circuits (resonators) as 
they are connected and mounted in ac- 
tual use; i.e., "in-circuit” measurements. 
This is extremely important, since the 
behavior of most resonators is a func- 
tion of many things. Resonators may 
rake many forms; i.e., coaxiaL, cavity, 
open lines, strip lines, butterfly tanks, 
etc. An example of a typical ”in-circuit >k 
measurement problem is shown in Fig- 
ure 1 . Here, flat strips are used to form 
a resonator for a developmental RF 
amplifier. It Is important to know the 
Ql and Q [ L of the resonator to deter- 
mine the optimum efficiency versus 
bandwidth compromise. Coupling was 
achieved as illustrated, and the follow- 
ing example readings were made at 
400 Me: Qrx = 400, Q l = 40 , E 
— LOO (1 - 40/400) “ 90%. Jt was 
found that due to radiation losses, Qvl 
dropped to 300 with the shield removed, 
resulting in an efficiency of 100 ( 1 - 
40/300) % — 84%. These efficien- 
cies were adequate, but a different tube 
type and aluminum shields resulted in 
a Qi i. of 100. Efficiency was 60% un- 
der these conditions and, therefore, this 
may prove to be an unusuable config- 
uration. 

An extension of rhis type of meas- 
urement can be applied to macing com- 
ponents, or may be used to determine 


o 
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Q at the self-resonant frequency of an 
inductor. The components are placed 
on a small ground plane in the vicinity 
of rhe probes, or in a convenient shield, 
to limit radiation losses and body capa- 
citance effects. By this means, any tun- 
ing or fixed capacitor desired may be 
employed. 

It is important to realize that meas- 
urements made in the manner described 
in this section yield Q<.; i.e., the effective 
Q of the component and associated cir- 
cuit inperceptably influenced by the Q 
Meter, if care is used to determine suf- 
ficient probe decoupling. This is the 
actual “in-circuit” Q and can be used 
directly in circuit computations. The 
Type 280-A UHF Q Meter is the only 
Q Meter in existance that can measure, 
directly, the Q of a circuit that is res- 
onant ar the frequency of measurement. 

To measure circuit "stray" capaci* 
ranee, a coil may be calibrated on rhe 
Q capacitor and then soldered into rhe 
circuit ar the desired points. The cir- 
cuit capacitance can then be computed 
from the relationship for 1 resonance; 

1 

f “ 

tOv/LC 

or 

1 

C = (14) 

Pco 2 L 

The same technique can be applied to 
circuit inductances. 

CONCLUSION 

We have attempted to describe some 
of rhe applications of the new UHF Q 
Meter Type 280-A, but realize that 
there will be many more jobs for this 
versatile instrument; some of which are 
not apparent at this writing. These will 
provide worthwhile subject matter for 
future articles in The Notebook. 
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SERVICE NOTE 

RX Meter Null Indicator 

Proper operation of the Type 250-A 
RX Merer is dependent upon the correct 
balancing of rhe bridge circuit, and the 
bridge circuit cannot be correctly bal- 
anced if die NULL INDICATOR is noc 
functioning properly. To check the 
operation of the NULL INDICATOR, 
proceed as follows: 

1. Select the desired measuring fre- 
quency by means of the OSC 
RANGE and OSC FREQ controls. 

2. Set the dial to "O” and the 
Rji dial to co . 

3. Unbalance the bridge by shorting 
the two binding posts and adjust- 
ing the DETECTOR TUNING 
knob until maximum deflection is 
obtained on rhe NULL INDICA- 
TOR. The meter pointer should 
indicate about 35 scale divisions. 
A peak of substantially Jess than 
rhis amount is usuaJly an indication 
of an unusuable harmonic response 
instead of rhe desired fundamental. 
Ar higher frequencies, two funda- 
mental frequency peaks will be ob- 
served, either of which represents 
satisfactory tuning of che dccecror. 
Several secondary Or harmonic 
peaks, which may be recognized by 
their relative sharpness and low 
amplitude, will be observed be- 
tween rhe fundamental peaks. Care 
should be taken not to rune ro one 
of these harmonics, since this will 
produce erroneous readings or make 
bridge balance impossible. When 
maximum meter deflection has 
been obtained, remove the short 
from across the binding posts and 
tighten the binding posts nurs. 

4. Balance the bridge by adjusting 
rhe three ZERO BALANCE con- 
trols, alternately, until a minimum 
deflection is obtained on the 
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NULL INDICATOR, The indica- 
tion should nor be more chan 3 
scale divisions on the meter. At 
frequencies above 100 Me, the 
COARSE R control should be ad- 
justed to its approximate mid- 
point position before null is 
sought. Since a slight interaction 
exists, at high frequencies, between 
the FINE R and C controls, it is 
important to use all three controls 
to obtain final balance. When an 
apparent null has been obtained, 
the circuit should be tested for true 
balance by slowly rocking the R n 
dial above and below the setting, 
and observing the NULL INDICA- 
TOR. If a deeper null is observed 


An increasing demand has developed 
for higher RF power output levels, in 
the 0 ro 10 dbw maximum output range, 
over the frequency range from 10 to 300 
Me, for the testing of communications 
systems and for general laboratory meas- 
urements. The need for higher power 
output signal sources results mainly from 
strong signal and cross modulation re- 
quirements of certain receiver tests and 
the large inpur signal requirements of 
bridge type devices. Because of the 
large number of existing signal gener- 
ators in the 0 dbm maximum output 
category, BRC has developed a runable 
signal generator power amplifier for 
use with these instruments. The signal 
generator power amplifier is to be an 
accessory for use with any signal gen- 
erator having a maximum outpur in che 
vicinity of 0 dbm to provide a maxi- 
mum output level in the vicinity of 
4 dbw. 

The new Signal Generator Power 
Amplifier Type 230-A conceived by che 
Boonton Radio Corporation, consists es- 
sentially of three tracked tuned, cascaded 
stages of grounded-grid amplification. 
The choice of grounded-grid mode am- 
plification was established primarily by 
a desire ro provide a maximum oper- 
ating frequency of 500 Me Two other 
advantages which are accrued for 
ground ed-grid rriode amplification as 
compared with grounded cathode tet- 
rodes are; a low untuned input im- 
pedance which can be made nominally 
in the vicinity of 50 ohms, and a gain 


ar some R v value other than 
the Rj, dial should be returned to 
the Latter indication and a new 
balance obtained with the ZERO 
BALANCE controls. 

NOTE: When the measurement fre- 
quency is chaoged, steps 2 
rhrough 4 above should be 
repeated. 

5. After the bridge is balanced as de- 
scribed above, set che frequency 
controls for 0.5 megacycles and 
chaoge the R^ dial setting from 
co to 100K. The NULL INDICA- 
TOR poimer should deflect upscale 
and indicate approximately 7 ro 12 
divisions. 



Figure 1* Block Diagram of Signal Generator 
Power Ampttfier Type 230-A 

and maximum power outpur which are 
less sensitive to variations in load im- 
pedance. A minimum of 34 db power 
gain is to be provided for a frequency 
coverage of 10-500 Me which will be 
continuously runed in six slightly over- 
lapping ranges. The gain will be linear 
within 9.0% up to 10 volts output in a 
50-ohm termination. This provides that 
a maximum of 91% AM of a 5-volt 
carrier level, with 10% distortion of 
che modulation envelope, will be ob- 
tained for a 100% modulated (with no 
envelope distortion) input signal for 
which the carrier level approaches 04 
volt or — 7 dbm. The changes in per- 
centage of modulation and envelope dis- 
tortion which may be developed in the 
Signal Generator Power Amplifier at 
the maximum output levels, become 
negligible for modulation crests of 0.5 
watt (5 0 volts rms in 50 ohms) or less. 
The linearity characteristic of che Signal 
Generator Power Amplifier is such chat, 
in general, if the outgoing modulation 
crests exceed 0.5 watt, che modulation 


index will always be less than the in- 
coming modulation by an amount not 
exceeding 90% of the incoming mo- 
dulation. Whether, and in which direc- 
tion, the envelope distortion may be 
affected at the maximum output 
levels, depends on the magnitude and 
phase of the incoming envelope distor- 
tion components, if any. The effect 
should be within ±10% for modulation 
crests of 10 volts rms in 50 ohms* di- 
minishing to 2% or less for modulation 
crests of 5 volts rms in 50 ohms or less. 
The absolute maximum power output 
over most of the frequency range is 4 
watts or 6 dbw ( 1444 volts rms in 50 
ohms), bur the linearity (and gain) is 
not specified beyond 2 watts or 3 dbw. 
The overall bandwidth of the rhree- 
stage power amplifier is not Jess than 
700 kc and is considerably greater over 
much of the frequency range. 

A block diagram. Figure 1, shows that 
a self-contained power supply and an 
output RF voltmeter are induded with 
the Signal Generator Power Ampli- 
fier, The RE ourpuc voltage is metered 
from 0-15 volrs in four convenient 
ranges. The detector and the metering 
circuit will withstand the high voltages 
which can be developed at die RF out- 
put jack when it is un terminated, or 
terminated in a load having a very high 
VSWR. The accuracy of the RF output 
voltage indication is specified at the 
output jack ro be dr t.O db of full scale 
over a frequency range of 10 to 250 Me 
and ±1-5 db from 250 Me ro 500 Me 
for a 50-ohm termination having a 
VSWR of 1.0 (0 db) in each case. 

An el ecrronica 11 y- regulated power 

supply is incorporated in the Signal 
Generator Power Amplifier to main- 
tain a constant final amplifier plate 
voltage against the large variations ia 
final plate current which occur over the 
range of 0.5 to 4 watts RF output Other 
features include 50 ohms input and out- 
put impedance with a VSWR of 2.0: 1, 
or less, over the frequency range of 10- 
500 Me. RF leakage is suffidendy low 
to permit measurements at 0.1 volt. 

Since the demand for higher power 
signal generators comes almost exclu- 
sively from sources already supplied 
with low-power signal generators* it is 
felt char the Signal Generator Power 
Amplifier will conveniently and readily 
fulfill this demand, offering up to 2 
wans output for AM applications, or 
or up to 4 watts output for CW and 
FM, where amplitude linearity is un- 
important. 


A 10-500 Me Signal Generator 
Power Amplifier 

ROBERT POIRIER, Development Engineer 
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EDITOR'S NOTE 

New Look for BRC at IRE 

The weeks preceding the IR£ 
show in March are pandemonium at 
BRC. Engineering and Sales are steeped 
in the problems of readying new instru- 
ments for showing and assuring that 
enough advance information is dissemi- 
nated to stimulate customer interest. 
Many last-minute details are being at- 
tended to and the loose ends are being 
gathered and knotted The last days be- 
fore the show are tumultuous, but those 
in the midst of the turmoil are aware of 
the impact of the job they are doing, and 
in this chere is solace. 

This year, BRC will show its instru- 
ment line in a new display booth; de- 
signed not only to provide an attractive 
setting for instrument display, but to 
make ir easier for BRC engineers in at- 
tendance to handle demonstrations and 
inquiries. 



Of particular interest at the show will 
be the UHF Q Meter Type 280-A (the 
subject of the lead article in this issue), 
the Navigation Aid Test Set Type 235-A 
(described in Notebook Number 24), 
and the new Signal Generator Power 
Amplifier Type 230-A (described in 
this issue). 


Another "guess the Q" contest will be 
featured for those friends of BRC who 
welcome the challenge of a perplexing 
problem. Our engineers have, true to 
form, devised a resonant circuit which 
will be on display at the BRC booth. 
Contestants will be asked to estimate the 
Q of the circuit, enter this estimate on 
a contest card, and drop the entry into 
a special, locked receptacle. After the 
show, the Q of the resonant circuit will 
be measured on the UHF Q Meter Type 
2 80- A, by means of the "in circuit"' tech- 
nique. Several measurements will be 
made and averaged. The entry which is 
closest to this average measured Q will 
be awarded a factory-reconditioned Q 
Meter Type I60-A. In case of a tie, a 
drawing will be held to determine the 
winner. 

Plan co visit the IRE show at the 
Coliseum in New York City and stop 
at the BRC exhibit (Booths 3101 and 
3102). Our engineering personnel on 
duty will be grateful for the opportunity 
to help you with your rest equipmenr 
problems. 
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Figure 7. Don GcnJin, HRC tab Tec/infesaa, Check* the 230 -A UHF O Meter wrfh on Impedance Standard 


Introduction 

This paper describes the development 
of coaxial line impedance standards for 
the UHF Q Merer Type 280-A, a mod- 
ified rwo-rerminal Q measuring instru- 
ment. (These standards are currently 
being readied for production by BR.C 
and will be available to customers in the 
near future.) Improved methods for 
machining pure copper are described. 
The methods of deriving the reactance 
and series resistance of the coaxial are 
also described. 

The ideal way to establish calibration 
of an impedance measuring device and 
maintain that calibration in the field is 
to utilise a stable, intrinsically accurate, 
reliable, and easily used impedance 
standard. If more than one of these 
standards exist with various known 
values of impedance the calibration is 
more exact. What is more, if these 
standards can be duplicated by precise 
methods* duplicates can be placed io the 
field where they are needed. The 280-A 
UHF Q Meter is a device which needs 
such standards. 

There is no precise instrument which 
will cross check measurements made by 
this instrument with the required ac- 
curacy in the frequeocy range of the 
280-A (210-610 Me). The resonating 
capacitance varies between 4 and 25 pf 
with ±5% accuracy. 

The internal resonating capacitance 
accuracy indicates rbe need for accurate 
inductance standards to check the actual 
effective resonating capacitance the in- 
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ternal capacitor presents to the instru- 
ment terminals. What is more, the in- 
strument measures circuit Q so chat if 
the internal losses of the resonating 
capacitor are to be evaluated, the Q of 
the standard inductor must be well 
known. In this way the losses in the in- 
ternal capacitor can be unwound. The 
standard must therefore be an inductor 
whose inductance and Q are both ac- 
curately known and preferably calcul- 
able from reliable physical relationships. 

Design 

The most logical calculable form for 
an inductance standard to .assume is a 
coaxial line shorter chan \/4 and short 
circuited by a perfect short circuit. 
Ideally, there should be no dielectric 
other than air, the dimensions should be 

1 This article will appear in the 1961 ULE 
IntertratJooal Convention Record. 


precisely known, the metal completely 
homogeneous and of a precise conduct- 
ivity, and the surface roughness should 
be nil compared with the skin depth. 


WE ARE MOVING 

Boonton Radio Corporal ion will be mov- 
ing to hi new plant and offices in August. 
Our new address and telephone number 
will be as follows; 

Mailing Address: Boonton Radio Corporation 
P. O. Box 390 
Boonton, New Jersey 

Address of Plant and Offices: 

Boonton Radio Corporation 

Green Pond Rood 

Rockaway Township,, New Jersey 

Telephone: OAkwood 7-6400 

TWX: ROCKAWAY NJ 066 

Effective date of the move will be an- 
nounced subsequently. 
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The metal picked for this develop- 
merit was copper. Oxygen free, high con- 
ductivity copper was chosen for its purity 
and relative freedom of conductivity 
from the effects of cold working as well 
as its high conductivity; actually exceed- 
ing the conductivity of the LACS (In- 
ternational Annealed Copper Standard). 

The standards are to be of essenrially 
3 basic parts: the outer conductor, rhe 
short circuit, and the inner conductor 
The outer conductor is a straight cylinder 
into which the short circuit firs. The 
inner conductor fits into a hole in the 
short circuit. Each fit is made aa in- 
terference fit. The parts are joined by 
shrinking the inner line in liquid ni- 
trogen and inserting it into the short 
circuit. These two are then shrank and 
inserted into the outer line. The result 
is extreme pressure and virtually a 
welded contact without beat or solder 
to add resistance. To mount this struc- 
ture to rhe terminals of the Q Meter, 
an outer flange is provided. This flange 
is soldered into place using high tem- 
perature solder. The flange is placed 
Va inch from the end of the coax in 
order to allow For attachment of the, re- 
movable mounting plate. This mounting 
plate clears rhe coax line by 10 thous- 
andths of an inch and is 5 thousandths 
short of the end of the coax line. A 5 
thousandths ridge is provided at the top 
for contact with the mounting surface. 
This assures contact of the coax line 
itself with the ground plane and nor the 
brass plate. The contacts covet approx- 
imately 100° of arc. The gap between 
the copper line and the brass mounting 
plate tends to keep the currents in the 
copper piece. This structure and its re- 
lation to the mounting surface is shown 
in Figure 2 . 

In order to conraa the hot stator, a 
precise hole is bored into the center of 
the center conductor. A solid coin silver 
set of spring fingers plugs into this 
hole. A 2-56 stud on the reverse side 
connects this with the high post. This is 
placed on the high post with a torque 


of 35 inch ounces. 

The calculability of this srandaxd de- 
pends to a great extent now on how well 
the surface and dimensions agree with 
theoretical assumptions. The bulk dc 
conductivity of this copper checks out 
at 101% I ACS. Theoretically ch/s should 
be the conductivity used in calculating 
resistance in the surface where the cur- 
rent flows. This will be true if the sur- 
face is not rough, torn, or contaminated 
to a depth which is small compared 
with skin depth. This is assured by the 
methods used to machine the surface. 



Figure 2. Cutaway View of Jmpec/ance Standard 


cuts until the bore was within 0.0005 
inch of nominal. The diamond tool was 
then inserted in the bar precisely with- 
out disturbing the work. A single pass 
with rhe diamond tool brought rhe work 
to final size and finish. 

After machining and assembly with 
precision jigs using liquid nitrogen for 
shrink fits, the entire piece was reduced 
in a hydrogen atmosphere at 230°C. 

Credit should be given to the Bureau 
of Standards at Boulder, and in particular 
to Howard E. Bussey for the valuable 
assistance he gave us in the techniques 
of machining copper with diamond 
tools, and rhe further use of hydrogen 
reduction to maintain the surface con- 
duct/ viry. 

Of course, no other surface finish is 
used. Plating or lacquer on the cleaned 
surface could only increase the losses 
in some nonrepea table and nonpredicr- 
able manner. There is no evidence that 
electroplating can really approach the 
conductivity of the pure metal closely 
enough to use it for rhe conducting 
surface. 


Evaluation 


Fabrication 

In general, rhe proper machining of 
copper of this purity must be approached 
with a great deal of thought. Ordinary 
high-speed steel tools are quickly dulled 
by the abrasive nature of the copper to 
such an extent that accurate work is im- 
possible. Silicon carbide can be used 
for preliminary shaping but it too is 
limited. All metal tools will tear the 
surface to a slight degree due to the 
tendency of the copper to stick to the 
tool aad tear. The final cut of Vi 
thousandth of an inch must be cut with 
a diamond cutting tool. The finish ob- 
tainable from this type of tool with 
proper cutting rates is better than 4 
micro inches. The work was all done on 
a precision Hardinge toolroom lathe. 
The short circuit and the center con- 
ductor were cut in a conventional man- 
ner using the carbide and diamond tool. 
The outer conductor cylinder was cut 
out of a solid rod, first, by gun drilling 
within 10 thousandths. The tube was 
then mouoced in a holder on the car- 
riage which supported it over its full 
length. The boring tool was rotated be- 
tween lathe centers and rhe carriage 
passed by it. Chips were forced out by 
continuous flow of coolant. The carbide 
tool was used in many fine successive 


The highest frequency these standards 
are presently used at is 6 10 Me. The 
skin depth in copper here is very close 
to 200 millionths of an inch. Since the 
surface finish is in the order of 4 micro- 
inches and of a regularly repeating na- 
ture, because the surface was developed 
by turning, the surface conductivity can 
be considered that of pure copper. 

The calculation of the basic impe- 
dance of this structure is then under- 
taken from transmission line equations 
using reasonably exact relationships 
which take the copper losses into con- 
sideration. Basically, the impedance of a 
shorted transmission line can be given as: 

( ot IcosjSl + J sin /3 /) 
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H — 8.855 x 10“ 12 farads/meter 



figure 3. SJandord Line SuperimpOied Upon /he 
High O Capa<itor TesmlnoJj oi the 280-A 


of the excess mean squared current vs, 
axial travel up the line permits deter- 
mination of total excess loss due to the 
presence of higher order TE mode 
waves. This excess loss can be expressed 
as an equivalent resistance in secies with 
the TEM mode model of the reactance 
standard. 

Assume that axial current at the dis- 
continuity has a known distribution 
around the periphery represented by 
Fourier Series of 


— 4tt x L0 — 7 henxys/meter 
a — 5-85 x 10 7 mhos /meter 
l — length of line 
a “ radius of inner conductor 
b = inner radius of outer conductor 

These relationships give the series re- 
active and resistive components of the 
basic coaxial inductors. 

This picture would be complete if the 
device were attached to a coaxial device. 
However, the Q Meter is an unbalanced 
device and a discontinuity will exist at 
the junction of the standard line and the 
Q capacitor terminal. Figure 3 illustrates 
the standard line superimposed upon the 
high terminals. The unbalanced currents 
result in excess inductance and resistance 
in the Q standard. The presence of the 
high post in the field of the line places 
a discontinuity capacitance across the line 
end. The exact calculation of rhese values 
would be very laborious because of the 
strange discontinuity configuration. 

As a result of this limitation, a series 
of measurements were made which 
would define the reactive components, 
and, from an expe rime oral knowledge 
of the reactive components, predict the 
effect of rhe current around the junc- 
tion and then calculate the roost prob- 
able excess resistance. The internal in- 
ductance of rhe resonating capacitor was 
first measured, at all settings in use, by 
short circuiting the terminals with a 
strap which covered the full Vi inch 
width of the terminals which are only 
0.018 inch apart. When shorted, die re- 
sonant frequency of the structure was 
measured using iighdy coupling probes 
which are a pan of the Q Meter. The 
frequency was accurately measured with 
an electronic counter. The low frequency 
capacitance was then determined by 
comparing the same settings with a GR 
72 2D precision capacitor and a precision 
bridge. From the capacitance and reson- 
ating frequency series L was computed 


1 

L = 

4 77 2 / 0 2 C 

The effective X c present ar the terminals 
at a given test frequency would then be 
X c — X L . This then gave a reliable RF 
figure for X of the internal capacitor. 

A series of measuremenrs was then 
made of the resonating capacitance of 
various length lines at various frequen- 
cies within the range 210-610 Me. Since 
the inductance of the coaxial standard 
could be computed from dimensions, 
and the X e of the capacitor couJd be 
computed from series resonant frequency 
and low frequency capacitance, the dis- 
crepancy between X L and X c could be 
attributed to the presence of the dis- 
continuity L and C By graphical plotting 
it was possible to determine values of Ld 
and Cd which resulted in better than 
2% agreement between the computed 
X L and the computed X c at all fre- 
quencies in the 210-610 Me range. The 
discrepancy remaining could most likely 
be reduced by using a more complicated 
model but this is quite satisfactory for 
reactance calibration of a 5% instru- 
ment. As a result of this experiment, 
L*i was set at 0.60 nanohenry and Cd at 
0.2 picofarad. 

The next step is to use this knowledge 
in a calculation of the most probable dis- 
continuity tesistance. It is assumed that 
the current at the end of rhe coax line 
is at its maximum where the perimeter 
of the line actually contacts the ground 
stator. However, current does not srop 
at the end of this area but most likely 
tapers off gradually toward the non- 
contacting side because current flows 
on the end of the coax line. The as- 
ymmetrical current flow results in 
higher order TE modes. If the amplitude 
of these higher modes were known at 
the boundary, the value at any other 
point up rhe line is approximated by 
n nepers attenuation per average radius 
since the line is well beyond cutoff for 
these modes; where n is the order of the 
modes being considered. An integration 


|1 + Pi cos<jf> + P 2 cos 2(f) + 

27ib 

P 3 cos 3 d> + ■ ■ ■ ■ P u cos n<£ . . .T| 

Assume further rhe coax line has 50 
ohms characteristic impedance, and the 
frequency is very much less than the 
cutoff frequency of the higher modes. 
Then: 

Lj = 2.22 x 10 -»£K l P„ 
where b = 0.01 1 1 meters 
R^aK r (p ,) 2 

Using the above relationships a number 
of plausible distributions were rested for 
which the Fourier coefficient are known. 
From this a relationship was developed 
which fits most distributions within a 
±5% error. This is quire satisfactory, 
since rhe rocal correction is only a small 
parr of the total resistance. The approx- 
imate relationship beeween Lj and Rj is 
as follows: 

R<i 

— ~0.l26x 109 [ L(l ] 1 4 


r s = surface resistivity ohms/sq. 



Figure 4, Equivalent Circuit writ* Impedance 
Standard Connected to 280-A Q CapociJor 
Terrmnofi 


Until such rime as die actual current 
distribution can be established this re- 
lationship will do quite well. As a typical 
situation, where the discontinuity resist- 
ance is 1/10 the resistance of the TEM 
lioe, the error tn Q will only be \% 
if a 10% error in Ra exists. This is 
certainly in line with the present scate 
of development of these standards- 

Credit must be given here to Bernard 
D. Loughlin, Electronic Research Con- 
sultant, Huntington, Long Island, for 
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developing this method of evaluating 
the discontinuity parameters and for his 
many invaluable contributions ro the 
concept of the standards. 


Measuring Technique 

The method in which these devices 
are used will also contribute to their 
precision as standards. As previously 
mentioned the contact button screws 
into the center hole of the high capacitor 
stator. When this is inserted it must be 
dean. It must be also be seated with a 
precise torque value of 35 inch ounces. 
This torque value will not break the 
2-56 srud and yet makes adequate con- 
tact so as to assure no Q deter tori atiort 
The vaJue was derived experimentally 
as that value which is 25% above the 
torque value where no readable change 
occurs with additional torque. 

The four screws which hold down the 
mounting flange are also tightened to 
this torque. Care is taken to tighten each 
of the four screws a little at a time and 
in succession. This is to assure chat the 
standard line is seated properly on the 
Q capacitor. 

The temperature of the copper is also 
monitored with a thermocouple during 
the measurement to allow corrections 
for conductivity and dimension changes 
which occur with changes in temperature. 

The Q is measured by determining 
the frequency interval between the 3 db 
points on the resonance curve. The 
280-A Q Meter is equipped to measure 
this internally and, as well, provides an 
external monitor jack to be used with a 
precision counter. Q is equal to the 
frequency at the peak of the curve 
divided by the bandwidth. 


Application 

The significant applications of these 
standards are as calculable Q standards 
on the UHF Q Meter and as a means for 
evaluating the internal losses in the self- 
contained resonating capacitor of the 
280-A. A knowledge of the effective in- 
ductance of the coaxial standard, as pre- 
viously described, will define what cap- 
acitance should resonate with rhe stand- 
ard at a given frequency and thereby 
give a precise standard for checking 
capacitor calibration. However, comput- 
ing the series resistance of the internal 
capacitor in the 280-A from a know- 
ledge of measured circuit Q is a more 
involved procedure. Q is fundamentally 
defined as: 


Energy stored in ckt. 

<o Q x 

Average power lost 

One may sum the power stored in the 
inductive reactance of the line and the 
two lumped reactances Lgj + L^. If Q 
is divided into the product of cu 0 and 
this total stored energy, the average 
power lost will be derived. If the power 
loss in the line is summed and added 
to the power loss In the discontinuity, 
the remaining power loss would be at- 
tributable to the series resistance of the 
capacitor. The derivation of this resistor 
is as follows: 


Energy stored 

Q = 

Avg. power loss 

Lumped Inductance L t — Lr + Ld 
Lumped Resistance R t = R c + Rd 
V] ~ Voltage of transmitted wave 
2Vt 

1 = cos/3/ 

Zo 

Energy stored in line Inductance 
L rMV f 2 

U ra — — \ cos 2 d l 

2 J. Z 0 2 

i— l 

2 V! 2 [7 1 

= L 1 sin 2/3/ 

Zo 2 La. 4/3 J o 

Energy stored in Lumped Inductance 

1 4V 2 

U L - — Li X COS 2 pi 

2 Z 2 

2V, 2 

= L t cos 2 /3 1 

Z. 2 


Average Energy Lost in Line 



2V| 2 ri 

R I cos 2 /St Al 

Z 0 2 J» 


2V 2 R 

l 

L 

sin 2f$l 

z 2 

r 

2 

4/3 


Average Energy Lost in 
Lumped Resistance 

1 2 R 4V! 2 R t 

W RL = = cos 2 pi — 

2 Z „ 2 2 


2V 2 


R, cos 2 pi 


2» 2 

Then Summing Stored Energy and Aver- 
age Power Loss and cancelling term: 
2 V 2 , 


Q 


Z 2 „ 

U L 

— H sin 20/+ U cos 2 @1 

2 40 


RJ R 

1 sin ipi + R t cos 2 pi 

2 4p 


Q = t»< 


1 


210/ + l sin 2/3/ + 4/5/ + cos0/ 


2R0/ + R sin 2 pi + 4/JR + cos0/ 


1/ 


2R/3/ + R sin 2 pi + 40R T cos 2 pi = 
[2L0/ + L sin 2/3/ + 4 0L, cos pi] 

(Oa 

Q 


Rt = 


[2Lpl + L$'m2 ft l -j- 4/3 1 -p cos J /3/] 
40Qcos 2 /3/ 

_ 2R/S / + R 5in2j8/~| 

4/3 cos 2 /?/ 


R* = R t — R d 


The resistance derived by this method 
can be coosidered io series with the in- 
ternal Q capacitor. For precise measure- 
ments of external high Q components, 
this resistance and the series inductance 
of the capacitor muse be considered in 
series with rhe externally connected cir- 
cuit. With this knowledge, the Q of a 
capaciror can be measured whose losses 
may be even less than the internal Q 
capacitor. Without the internal C loss, 
such a capacitor might even seem to be 
one with negative losses; and the result 
would be meaningless. 

The present standards under develop- 
ment include 7 different lengths which 
are designed to be used as a check at 
high, medium, and low frequencies in 
the 210-610 Me range; with 3 capaci- 
tance values ar each of the three fre- 
quencies. These are able to describe a 
relatively accurate picrure of rhe internal 
resonating capacitor. 


Future Work 

As a future check on the relationship 
berween the conductivity of the copper 
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and its performance in the skin of the 
line, a long line, shorted at both ends, 
will be constructed from the same copper 
and machined by the same methods. By 
means of tiny probes through the wall of 
the tube, the resonant frequency as a half 
wave resonator and the bandwidth can 
be determined. This will give the Q and 
hence the surface resistivity working 
backward from the relationship 

Q — /3/2 ff. 

This experiment will give an indepen- 
dent check on the conductivity of the 
copper in the surface, free from the 
effects of any discontinuities. This is of 
interest as a final check on the use of 
rhese as standards. All previous work 
has assumed that conductivity at RF js 
equal to the dc value. This is accurate, 
most likely, to within two percent (2%) 
but it will be of great value to verify 
this experimentally and will perhaps 
improve the absolute accuracy by some 
measurable degree. 


Conclusion 

In summary, the devices described 
above are stable repeatable standards of 
impedance specifically for use on the 
280-A UHF Q Meter. They are useful 
for laboratory aod field calibration of 
this instrument within 2% of reactance 
and very close to that in Q. Further in- 
vestigation of these pieces should place 
the Q value within 5%. However, the 
knowledge of such a small. resistance in 
series with such a high reactance will 
always have uncertainties. The tech- 
niques used here are applicable to 
standards for any similar Impedance 
measuring system, and in a sense are 
more applicable to coaxial systems be- 
cause of the simpler discontinuity pic- 
ture. Like any standardizing program, 
this is a continuing one. The needs for 
better standards are constant. The ad- 
vances in techniques of copper machin- 
ing and fabrication described here are 
not an end in themselves, oor are the 
methods of analysis, which should be 
improved by future study. 


Checking The New DME And ATC 
Airborne Equipment With 
The Navigation Aid Test Set 

WILLARD J. CEKNEY, Sales Engineer 


The BRC Navigation Aid Test Set 
Type 2 35 -A provides all of the RF cir- 
cuitry required for bend) testing the 
new ATC (Air Traffic Conrrol) trans- 
ponders and DME (Distance Measuring 
Equipment) portions of the VORTAC 
navigation system. The test set (Figure 
L) contains three basic interconnected 
units: a crystal-controlled RF signal 

generator, a peak pulse power compara- 
tor, and a wavemeter. The wave merer is 


signal generator and power meter 
used for making both ATC and DME 
measurements. 

An engineering description of the 
235-A is given in Notebook Number 
24, This article will describe some 
measurements that can be made with 
the test set when it is used with the 
Collins Radio Company's 578X- 1 Trans- 
ponder Bench Test Set or the 578D-1 
DME Bench Test Set, and a suitable 
oscilloscope. Before these measurements 
are described, a brief history of the nav- 
igation aid systems will be given. 


NAVIGATION AID SYSTEMS 

The first radio navigation aids for 
aircraft were the low-frequency radio 
direction finder and radio range equip- 


COARSE 
FREO XTAL 
OSCILLATOR 

♦ 


25-65 

MC 


MIXER 


3U- 7S-6M C^^ 


AMR 


480- 524.5 MC 
OR 

565- 609.5 MC 


ment. These systems were used fox nav- 
igating aircraft during cross-country 
flights, for orienting aircraft at or near 
the airport, and for instrument landings. 
Later a system was developed which pro- 
vided a new and improved technique 
for instrument landings. This system 
was called ILS (Instrument Landing 
System). VOR, a system for measuring 
bearing ro a radio station, was intro- 
duced a short time later. The new ILS 
and VOR systems operate in the VHF 
region. BRC's types 211 -A and 2 32- A 
signal generators were designed specifi- 
cally for use in checking the ILS and 
VOR systems. 

About that same time, FAA put into 
service Airport Surveillance Radar 
(ASR) equipment to navigate aircraft 
in case of loss of radio contact with 
ground stations, and Precision Approach 
Radar (PAR) equipment to aid in the 
landing of aircraft without ILS or with 
ILS which was not working properly. 

These navigation aid systems have 
played an important part in commercial, 
military, and private air travel, and 
should be given a good deal of credit 
for air travel being as safe as it is today. 
However, with more and faster aircraft 
being put into service everyday, the 
need for new and faster techniques for 
navigating and identifying aircraft be- 
came apparent. Recognizing this need, 
FAA, in conjunction with the military, 
installed a new system designed to give 
not only beaxing but range to the radio 
station. This sysrem, called TACAN, has 
been installed by the Government at the 
same locations as rhe VOR equipment. 
The rwo systems may also be combined 
to form a hybrid system known as 
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VORTAC; with the VOR rransmitcer 
being used to determine bearing and 
the TACAN system being used to de- 
termine the distance from the aircraft 
to the ground station. 

The ATC transponder is an automatic 
receiver- transmitter installed in the air- 
craft. (This system is similar to the IFF 
system used during World War If.) 
When the Ait Traffic Controller on 
the ground wishes to idenrify an air- 
borne plane, he merely presses a button 
on his radar console. This operates a 
radio circuit which automatically trans- 
mits a series of coded interrogation 
pulses to the receiver in the aircraft. 
A series of coded reply pulses is then 
automatically sent to the ground sta- 
tion from the plane's Transmitter, and 
appears on the Air Traffic Controller’s 
radar scope. The system is posirive and 
fast enough to fill the requirements of 
the fast- flying aircraft in use today. 


CONSOLS & POWEfl 



Figure 2. Basic setup far DME Measurements 


ul a tor, and an oscilloscope of suitable 
dynamic range. 


Pulse Typical 

Characteristic Requirement (Nominal) 


Rise Time 
Fall Time 
Duration 
Pulse Top 


2.5 /xsec 

2.5 j usee 

5.5 /xsec 

5% of maximum amplitude 


DME MEASUREMENTS 

A typical DME radio set consists of 
an interrogation generator or synchro- 
niser, an encoder, a modulator trans- 
mi rrer- receiver, a decoder, distance meas- 
uring circuits, and the indicator and 
controls in the cockpit. DME measure- 
ments which can be made with the Nav- 
igation Aid Test Set Type 235-A may 
be broken down in three groups; trans- 
mitter characteristics, receiver character- 
istics, and distance measuring circuit 
measurements. The basic setup for per- 
forming DME measurements is shown 
in Figure 2. 

Transmitter Power 

The 23 5 -A measures, on a compar- 
ison basis, die peak power of the pulse 
train transmitted from the DME equip- 
ment. First, the peak of the DME trans- 
mitter is measured in a pulse voltmeter 
circuit and read out on a panel meter. 
The pulse voltmeter and detector are 
then switched ro read die calibrated out- 
put of rhe signal generator through an 
adjustable precision attenuator which is 
adjusted ro provide the same level meas- 
ured for the DME transmitter. The 
power level is read directly on an at- 
tenuator dial. 

Transmitter Pulse 
Characteristics 

Certain pulse shapes and positions are 
required to insure proper operation of 
the DME transmitter. The following 
typical DME pulse requirements can be 
checked with (he 235-A, the DME mod- 


Reperhion 150 pulse pairs (in search 
Rate position) 

30 pulse pairs (in track 
position) 

Receiver Sensitivity 

A typical DME receiver sensitivity 
requirement is that the receiver be capa- 
ble of locking on a fixed distance 9 Out 
of 10 rimes. This requirement can be 
checked with the 2 35- A, used in con- 
junction with the DME modulator. 

Distance Measuring and 
Memory Circuits 

The functions of the distance meas- 
uring circuits are to search for a re- 
turned pulse, lock on, maintain lock on 
in case of momentary loss of signal, and 
ro read out distance. The 235-A, in con- 
junction with the DME modulator, will 
check that rhe search time, memory and 
prememory time, and distance accuracy 
are within the tolerances specified by 
the DME equipment manufacturer. 


ATC MEASUREMENTS 

A typical ATC transponder consists 
of a receiver, decoder, encoder, modula- 
tor, transmitter, and the necessary cock- 
pit controls. ATC measurements may be 
broken down in three groups: receiver 
characteristics, decoder and encoder char- 
acteristics, and transmitter characteris- 
tics. The basic setup for making ATC 
measurements is shown in Figure 3 


Receiver Sensitivity 

A typical requirement for ATC re- 
ceiver sensitivity, is that the ATC trans- 
ponder should give at least 90% replies 
with a signal level of —7 4 dbm, and 
(hat the sensitivity should be reduced a 
nominal 12 db for low-sensitivity oper- 
ation. This requirement can be checked 
wirh rhe 235-A. 

Receiver Band width 

To measure receiver bandwidth, an , 
oscilloscope is connected to the monitor 
output connector on the 235-A test set. 
With the signal generator output set at 
rhe level where the ATC transponder is 
just triggered at center frequency, che 
artenuator reading is noted. The signal 
generator output frequency is then 
changed the desired amount, and the 
signal generator output is increased until 
the transponder just triggers again. The 
difference in attenuator indication is the 
attenuation for the frequency incre- 
ment used. 

Receiver Dead Time 

To check receiver dead time, the sec- 
ond interrogation delay control on rhe 
ATC modulator is adjusted so that a full 
display of second interrogation pulses 
is observed on the oscilloscope and che 
receiver response time is measured. A 
typical requiremeQr is that the receiver 
be capable of responding in not less 
than 25 jusec nor more than 145 /rsec 
after the first pulse of the first re- 
ply group. 





Figure 3 . Basic setup for ATC Measurements 


Decoder Tolerance 

The function of rhe ATC decoder is 
to reject all improper signals, such as 
random pulses, sidelobe pulses, reply 
pulses from other equipment, etc., chat 
may resemble an interrogating pulse. 
The decoder pulse spacing is checked by 
varying the interrogation pulse spacing 
control on the ATC modulator in a plus 
and minus direction and observing that 
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che spacing, as displayed on the oscil- 
loscope, is within the Tolerances speci- 
fied. The ability of the decoder to re- 
ject sidelobe interrogations is checked 
by varying the amplitude of the second 
pulse. The pulse width capability is 
checked by varying the width of eirher 
pulse. 

Encoder Measurement 

The primary purpose of the ATC en- 
coder is to produce selected reply codes. 
Presently* there are 64 different reply 
codes which are set up bioarijy. Each 
reply code is made up of 2 framing 
pulses and 6 code pulses. The spacing 
between the framing pulses and the code 
pulses must be within specified toler- 
ances. The 235-A, in conjunction with 
the ATC modularor and an oscilloscope, 
can be used to check these tolerances. 

Transmitter Frequency 

The frequency of the ATC Trans- 
ponder is measured by adjusting che 
wavemerer in the 235-A for a maximum 


With che recent FCC approval 
(Docket 13506) of a system providing 
entertainment stereo and subsidiary com- 
munications in the 88 to 108 Me FM 
broadcast band, a definite requirement 
has developed for a suitable modulator 
to generate the specified multiplex sig- 
nals to, in turn, modulate an FM signal 
generator for the testing of receiving 
systems. 

The new Type 219-A FM Stereo 
Modulator is designed to provide stereo 
modulation outputs as specified in che 
FCC Docker, suitable for modulating the 
BRC Type 202-E FM-AM Signal Gen- 
erator or other FM signal generators 
with adequate modulation characteristics. 
Provision is made for Left (L) and 
Right (R) audio stereo channel inputs 
and/or subsidiary communications FM 
Subcarriers in che 20 to 75 kc range. 
Preliminary specifications for the Type 
2 19- A are given below. 

Input Characteristics 

ENTERTAINMENT STEREO 
Source 1 Lch (L) and Righr (R) 

Fideliry: 50 cps to 15 kc 

Modulating Oscillaror: an internal 1 kc os- 
cillator is provided which, in conjunction 
with the Type 202-E iaternal modulating os- 
cillator (50 cps to 10 kc) may be used to 
furnish stereo inputs. 


indication on the front panel meter, 
with the function selector set for fre- 
quency measure operation, and reading 
the frequency on the wavemerer dial. 

Transmitter Power and 
Pulse Characteristics 

The ATC transponder power and 
pulse characteristic measurements are 
made in the same manner as the DME 
transmitter power and pulse character- 
istic measurements. Pulse characteristics 
requirements are obtainable from the 
ATC equipment handbook, 

SPECIAL MEASUREMENTS 

The measurements described in this 
article are the basic measurements which 
Can be made using the 235-A. Other 
measurements such as overall trans- 
ponder delay, AGC characteristics, AOC 
measurements, etc.* may also be made. 
Complete ATC and DME measurement 
procedures are given in the 235-A in- 
struction book and in rhe instruction 
books for the ATC and DME equipment. 



Type 2 19- A 


SUBSIDIARY COMMUNICATIONS 
Source: FM sub-carriers 
Frequency Range: 20 to 75 kc 

Oirfpuf Character isilc* 

ENTERTAINMENT STEREO 
Pilot Carrier — Frequency : 19 kc 

Accuracy, it: 0.01 % 

Level; 9 % of system deviation 
Double Sideband Suppressed Carrier (L-R) 
Frequency: 38 kc 
Accuracy: ±0.01% 

Fidelity: 50 cps to 15 kc 
Carrier Suppression: <1% of system 
deviation 

Sideband Level: 45% of main carrier mo- 
dulation with either Left 
(L) or Right! (R) signal 
Distortion: <1% at a level corresponding 
to 45% of system deviation 
Monaural Carrier (L R) 

Frequency: 50 cp$ to 15 kc 
P recto phasis: Standard* preemphasis for main 
(L -j- R) and stereo (1^— R) 


channels may be switched in or 
out of circuit 

*per Section 3.322 h, FCC 
Docket 13506 

SUBSIDIARY COMMUNICATIONS 
Frequency: 20 to 75 kc 

Metering — A merer is provided ro read the 
multiplex output in terms of percent of system 
deviation' of the main RF carrier. The unit 
is factory adjusted ro operate with the Type 
202-E Signal Generator. (Alternative adjust- 
ment may be made for use with other signal 
generators. ) 

' L00% 75 kc deviation 

Composite Output — A suitable linear adder 
is provided ro permit summing the monaural 
channel, pilot carrier, stereo channel, and 
subsidiary communications FM sub-carriers. 
Power Supply — 1)5 vojts ± 10%, 60 cps. 

HANS SCHLOTT JOINS 
BRC SALES STAFF 

The appointment of Hans Schlocc as 
Regional Sales Manager for BRC was 
announced in March of this year. In this 
capacity Hans will direct rhe BRC sales 
operations along the east coasr from che 
Metropolitan New York City area south 
to the Metropolitan Washington DC. 
area. Beginning his association with the 
Company in March proved timely for 
Hans, as it afforded him the opportunity 
to serve in the BRC boorh at che IRE 
show. Here he met scores of BRC cus- 
tomers and was able to hear, first hand* 
their problems concerning measurement 
instrumentation. 

Hans, a native of Sweden, came ro the 
United States in 1949- He graduated 
from che Char I Often burg Institute of 
Technology in Berlin, Germany and is 
ao Applied Physicist. He also completed 
studies in Industrial Management at the 
Graduate Business School of Sr. Gall, 
Switzerland. 

Prior to his association with BRC. 
Hans served wirh Curriss Wrights 
Princeton Division as Senior Sales En- 
gineer* Eastern Territory. Before that 
he was Eastern Sales Manager for the 
New Products Division of rhe Corning 
Glass Works in New York City. 



HANS SCHLOTT 


NEW FM STEREO MODULATOR TYPE 219-A 
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EDITOR'S NOTE 

The Q of the resonant circuit dis- 
played at the IRE show is 5 242. Winner 
of the Q Meter, with an estimate of 
523.5, is Mr. E. B. Sussmao, an Engi- 
neering Consultant from Liviogcson* 
N. J. 

More than 1000 entries were sub- 
mitted, with Q estimates ranging from 
1 to 20,000. The bar graph below shows 
the distribution of these estimates. There 
were nine estimates io addition to the 
winning estimate which were very dose 
to the actual measured Q and are cer- 
tainly deserving of honorable mention. 


Estimate 

Submitted By 

515 

E. Queen, Stuyvesant High 
School, N.Y.C. 

521 

H. Korkes, CBS Radio* 
N.Y.C. 

521 

J. M. J. Madey, Student, 
Clark, N. J. 

521.5 

P. H. Daitch, Microwave Re* 
search lose, Brooklyn, N. Y. 


523 

J. F. Isenberg, Jr., IBM, 
Poughkeepsie, N. Y. 

523.5 

E. B. Sussmann, Engineeting 
Consultant, Livingston, N. J. 

525 

M Gellu, FAA/NAFEC, 
Atlantic City, N. J. 

527 

J. Brady, Cooperative Ind., 
Inc., Chester, N. J. 

527 

P. Bahr, Schon Tool & 
Machine Co., Inc, Union, 
N. J. 

528 

A- Karr, Daysuom Central 
Research Lab., W. Caldwelf 
N. J. 
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Distribution of Q Estimates. 


The resonant circuit in question was 
measured by means of the "in-circuit” 
technique on the UHF Q Meter Type 
280- A at 500 megacydes. Six separate 
measurements were made on the most 
sensitive range on the instrument. The 
average of these measurements was 524.2. 

Our congratulations to Mr. Sussmann 
and many thanks to our many friends 
who visited with us ar the show. 

NEELY ENTERPRISES 
APPOINTED NEW BRC 
SALES REPRESENTATIVE 

The appointment, effective April 1st, 
of Neely Enterprises as Sales Represent- 
atives for Boonton Radio Corporation 
was recently announced. Neely main- 
tains eight offices in the states of Cali- 
fornia, New Mexico, and Arizona. A 
lisr of these offices is given on page 8 
under BRC Engineering Representatives. 
If you live in one of these states, there 
is a Neely office conveniently near you. 
All offices are fully staffed to help fill 
your electronic needs. 




DEJkOM 33, Michigan 
S. STERLING COMPANY 
15310 W. McNkHol* Rd. 


ORLANDO, Florid* 

BIVINS 8 CALDWELl, INC 


AiBUQUfRQUf, New Mexico 
NEELY ENTERPRISES 
6501 Lomas BIwL, NsE_ 

Telephone: Alpine 5*5586 
TWX: A O' 171 

ATLANTA, Georgia 

BIVINS & CALDWELL INC. 

3110 Maple Drive, N. EL 
Tel. Atlanta, Georgia 233-1 141 
TWX; AT 987 

BINGHAMTON, New York 

L A. OSSMANN & ASSOC, INC. 
149 Front Street 
Vestal, New York 

Tolcphone: STUfwoll 5-0296 
TWX: ENDICOY7 NY 84 

BOONTON, New Jersey 

BOONTON RADIO CORPORATION 
50 Intervale Rood 
Telephone: DEerfield 4-3200 
TWX: BOONTON NJ 866 

BOSTON , Moiiachuuttf 

instrument associates 

30 Pork Avenue 
Arlington, Mo*$. 

Telephones MUiion 8-7922 
TWX; ARL MASS 253 
CHICAGO 45, Illinois 
CROSS LEY ASSOC, INC 
2501 *W. Peterson Ave. 

Telephone; $Roadwoy 5-1600 
TWX: CGSOB 

CLEVELAND 24, Ohio 
S. STERLING COMPANY 
5807 Mayfield Road 
Telephone; HILLcreet 2-B060 
TWX: CV 372 

DALLAS 9, Texas 

EARL IIPSCOMB ASSOCIATES 
3605 Inwood Read 
Telephone: Fleetwood 7-1 B6l 
TWX* DL 411 

DAVTON J9„ Ohio 

CROSS LEY ASSOC, INC 
2801 Far Hills Avenue 
Telephone: AXmlntler 9-3394 
TWX: OY 306 


Telephone: BRoadway 3-2900 
TWX: DE IU1 


EL PASO, Texas 

EARL LIPSCOMB ASSOCIATES 
720 North Stanton Street 
Telephone: KEy stone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Asylum Avenue 
Telephone* CHapel 6-5686 
TWX: HF 266 

HIGH POINT, North Carolina 
BIVINS 6 CALDWELL, INC. 

1923 North Main Street 
Telephone! High Point 882-6873 
TWX i HIGH POINT NC 454 

HOUSTON 5, Texas 

EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone; MOhawk 7-2407 
TWX: HO 967 


HUNTSVILLE, Alabama 
BIVINS A CALDWELL INC 
Telephone: 534-5733 
(Direct line to Arlonto) 

INDIANAPOLIS 20, Indiana 
CROSSLEY ASSOC., INC 
5420 North College Avenue 
Telephone* Clifford 1-9255 
TWX: IP 545 

LAS CRUCES, New Mexico 
NEELY ENTERPRISES 
114 South Water Street 
Telephone; Mduon 6-2486 
TWX; LAS CRUCES NM 5851 

LOS ANGELES, Cohfornia 
NEELY ENTERPRISES 
3939 Lanlcershun Blvd. 

North Hollywood, Confomio 
Telephone: TRSangle 7-0721 
TWX: N-HOL 7133 


P.O. Bo* 6941 
601 N. Fern Creek Drive 
Telephone: CHerry 1-1091 
TWX: OR 7026 

OTTAWA 4, Ontario, Canada 
0AYLY ENGINEERING, LID. 
80 Argyle Ave. 

Telephone: CEntral 2-9821 

PHOENIX, Arizona 
NEELY ENTERPRISES 
641 East Missouri Avenue 
Telephone: CRestwood 4-5431 
TWX: PX 483 


PITTSBURGH 37, Pennsylvania 
S. STERLING COMPANY 
4232 Brownsville Road 
Telephone: TUxedo 4-5315 

PORTLAND 9, Oregon 
ARVA, INC. 

1238 N.W. Gliien Street 
Telephone: CApitaJ 2-7337 


RICHMOND 30, Virginia 
BIVINS 8 CALDWELL INC- 
1219 High Point Avenue 
Telephone* ELgln 5-7931 
TWX: JLH 586 

ROCHfS7FR 25, New York 

E. A. OSSMANN & ASSOC., INC. 
830 Linden Avenue 
Telephono: LUdlow 6-4940 
TWX: RO 189 

SACRAMENTO, California 
NEELY ENTERPRISES 
1317 Fifteenth Street 
Telephone: Gilbert 2-8901 
TWX: SC 124 

SAN DIEGO, California 
NEELY ENTERPRISES 
1 055 Shatter Street 
Telephone* A Codemy 3-8103 
TWXi $D 6315 


SAN FRANCISCO , California 
NEELY ENTERPRISES 
501 Laurel Street 
San Co riot, California 
Telephone: LYtell 1-2626 
TWXi S CAR-BEL 94 

SfcATTLf 9, Washington 
ARVA, INC. 

1320 Proiped Street 
Telephone: MAin 2-0177 

SPOKANE TO, Washington 
ARVA, INC 

Eovt 127 Augusta Avenue 
Telephone: F Air fox 5-2557 


ST. PAUL M, Minnesota 
CROSSLEY ASSOC, INC 
B42 Raymond Avenue 
Telephone: Midway 6-7381 
TWX: ST P 1181 

SYRACUSE, New York 

E. A. OSSMAN 8 ASSOCIATES, INC 
P. O. Bo* 128 
101 Pickard Drive 
Telephone: Glenview 4-2 462 
TWX: SS 355 

TORONTO , Ontario, Canada 
BAYLY ENGINEERING, LTD. 

Hunt Street, A[ax, Ontario, Canada 
Telephone: Ajax, Whitehall 2-1020 
(Toronto) 925-2126 

7USCON, Arizona 
NEELY ENTERPRISES 
232 South Tusoon Blvd. 

Telephone: MAin 3-2564 
TWX: TS 5981 

VANCOUVER 9, B. C. Canada 
ARVA, INC 
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For the past rwenry-one years, the 
Booruon Radio Corporation has been 
recognized as a leader in ihe design and 
manufacture of frequency modulation 
signal generators, U is logical, therefore, 
that when FCC approved an FM Stereo 
Broadcasting Sysrem, as rhey did on 
April 20, 1961, that BRC should pro- 
vide the market with a stable, easy to 
use, attractive, economical source of the 
multiplex signal for use with FM signal 
generators, or for di tea use with re- 
ceiving multiplex adapters. To ibk end, 
the 2 19- A has been designed. 

THE FCC APPROVED SYSTEM 

The system, approved by the FCC 
"Report and Order” dated April 20> 
1961, and specified in FCC Docket 
13506, provides for the simultaneous 
broadcasting of a main channel of 
monaural information, a separate sub- 
channel for rhe transmission of stereo 
information, and provision for one or 
more channels for Subsidiary Com- 
munication purposes. This latter assign- 
ment may be used for program relaying, 
"mood music', broadcasting for indus- 
trial or commercial purposes, etc* 

The FCC approval of the stereo sys- 
tem came after an extensive study of 
the matter in general, and specifically, 
the work of the National Stereophonic 
Radio Committee which provided the 
medium for field testing and analyzing 
many of rhe various stereo broadcasting 
systems which had been proposed* The 
author will not attempt ro discuss the 
work of this committee, which has been 
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adequately documented, but will content 
himself with briefly describing the pres- 
ently approved system. 

Reference to Figure IB will show the 
frequency spectrum of the baseband 
multiplex signal which is generated by 
the BRC 219A. The upper portion of 
this Figure (IA) shows a typical modu- 
lation characteristic of ao FM signal 
generator. If the generator is reasonably 
linear, a single constant can be used to 
relate deviation of the radio frequency 
carrier m a voltage applied to rhe mod- 
ulating terminals; i.e., Af — K E,^. (1) 
With this In mind, rhe system may be 
more readily understood by confining 
one's attention to the baseband multi- 
plex spectrum (Figure IB), which is 
fed to the modukring jack of the FM 
signal generator. 


One requirement confronting the de- 
signers of this system, that was of key 
importance ro the FCC, was the prob- 
lem of providing "compatible reception” 
with receivers already in the hands of 
the FM listening public. This has been 
achieved by a matrix ing Technique 
which is shown in (he block diagram 
in F/gure IB. The assumption is made 
here that if there were two parallel- 
connecred microphones "listening to" 
the Output of a program source, such 
as an orchestra, that the listener to a 
monaural receiver tuned to (his broad- 
cast would hear a rather arbitrary sum- 
mation of (he audio outputs of these 
two microphones. It can be seen that in 
the new stereo system, these outputs are 
indeed summed and applied to the mon- 
aural channel; thus providing compat- 
ible reception. 

Jn aonstereo broadcasting, the peak 
deviation resulting from the sum of the 
left aod right outputs is allowed to reach 
100% of system deviation, or 75 kc, for 
die previously approved monaural 
broadcasting system. In the case of the 
stereo system, this maximum deviation 
is reduced to rhe level of 90%, for 
reasons that will be discussed shortly. 

Since the summed output of the left 
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detectors in which the locally generated 
carrier is mixed with the L — R side- 
bands. The potential is also provided for 
the use of exalted carrier demodulation 
in the interests of good $ignal-ror»oise 
ratio and low distortion. 

Thus, we see that the multiplex stereo 
signal cao be rather simply described by 
a plot of voltage generated versus the 
baseband frequency spectrum to 75 kc. 
The multiplex signal may also be de- 
scribed mathematically as follows: 


nous in frequency and identical in phase* 
a maximum output would exist in the 
L + R channel, and a zero output would 
exist in the L — R channel. Conversely, 
if the two microphone outputs were 
equal in amplitude and frequency, but 
opposite in phase, then the maximum 
output would exist in die L — R chan- 
nel and zero in the L -|- R channel. If 
the maximum permissible deviation re- 
sulting from rhe L + R audio or from 
the sum of the L — R sidebands is 


(*) — £L-]-R) sin -j — 


monophonic 

baseband 


^£ov— 0)u)r— <*>* Wb)H-^0 


stereophonic sidebands 
of suppressed cirrter <jj c 


and right microphones (L -j- R) are 
broadcast in this compatible manner, it 
simply remains to sepaxately transmit 
information which is related ro the 
instantaneous difference between the 
outputs of the Left and Right micro- 
phones. In order CO minimize the band- 
width required for full fidelity (50 cps 
to 15,000 cps), this L — R information 
is Transmitted by means of amplitude 
modulation of a subcarrier Jocaced at 
38 kc. The subcarrier is suppressed to 
reduce crosstalk due ro oooJineaiity in 
the transmitter or receiver. Distortion- 
less amplitude modulation of this sup- 
pressed carrier will, with signals nor 
exceeding 15,000 cps in frequency, oc- 
cupy the spectrum from 23 to 53 kc 
(38 ±15 kc). This leaves a portion of 
the spectrum from 53 to 75 kc for a 
small amplitude Subsidiary Communica- 
tions signal. 

Ir is obvious to the reader that the 
system, described ro this point, provides 
L + R. in the normal audio frequency 
portion of the spectrum (50 to 15,000 
cps) and the sidebands of the amplitude 
modulated suppressed carrier (L — R) 
information in the 23 to 53 kc region. 
However, since the 38 kc carrier is 
suppressed to less than 1% of system 
deviation, it would be extremely diffi- 
cult to demodulate this information in 
a distortionless, low-noise manner. 
Therefore, a pilot carrier at exactly one- 
half the suppressed carrier frequency is 
transmitted at reduced deviation of the 
main carrier. 

The 19 kc pilot carrier is specified 
to produce a deviation of the main car- 
rier between 8 and 10% of the system 
deviation of 75 kc. Since this 19 kc car- 
rier is located with a guard band of 4 kc 
on either side, as shown in Figure IB, it 
is evident that a practical filter can be 
used to extract the frequency and phase 
information carried by this carrier. If 
the filtered pilot is doubled in frequency, 
maintaining the proper phase relation- 
ship, it may be used ro demodulate the 
L — R information on the subcarrier by 
means of simple amplitude modulation 


A major feature of the L R, L — R 
macrix system is that time sharing be- 
tween the monaural and stereo channels 
is automatically provided. Thus, if at an 
instant in time, the outputs of rhe left 
and right microphones were synchro- 


limited to 45% (33.75 kc) with either 
left only or right only by FCC, then it 
can be seen thar no combination of left 
and Right signals can add to produce 
more than 90% system deviation. Thus, 
the 6 db signal -to- noise degradation 


ASSUME: 

L. Left (L) signal only being transmitted 

2. (L-{-R) channel response is such that its output differs from (L — R) channel 
though it were multiplied by a transmission fact a /^ —g — (cos f) -p j sin <9) 

3. Stereophonic separation =TR^ 

f magnitude of output from Left channel \ 

— : ) 

magnitude of output from Right channel / 

4. a. Let L “output from L— R channel ( Left signal only) 

b. Let L = output from L + R channel (Left signal drive only) 

VECTOR DIAGRAM: 


/ 0 L-L! 

d- 



R k = 20 log 


L + L = L~l~aL (cos $ -j- j sin Q) = L ( l -b^cosfl) +ya L sin $ 

L — L^ — L — aL (cos 0-J- j sin 0) = L ( l — dcos0) —yaLsici Q 

24co$-f * 2 cos 2 J a 2 -J- 2*cos Q + l 

=20 log 10 / 

1 — 2 a cos @ -Caicos'* 0-J-</ 2 sin 2 $ \[ a 2 — 2^cos Q -j- 1 


CHECK: 


I. If a— JL, and 0 = 0; — 2a cos 04- 1=2 — 2=0, .'.R s =< 


2. If a— l, and $ = any value; R i( = 20log lj| 


3. If (9 = 0, and a =any real number; R H = 20log 1 


1 ±ccs0 


I — cos 0 


\ a- 1 


NOTE; These same equations may be used for the case where L— R channel output is 
multiplied by a (cos Q -j- j sin Q) bur reference vector is now output of L+R channel. 


figure 2. Stereo System with identical Inputs (Assumed as Left Only} Fed Into the 

and L— J? Channels 
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which would result from transmitting 
Left and Right in the rwo channels is 
reduced to 1 db. The remaining J0% 
system deviation being reserved for rhe 
19 kc pilot subcarrier. 

There are several system transmission 
characteristics which must receive care- 
ful attention if the maximum capabili- 
ties of the system are to be reached. In 
any system that transmits stereo multi- 
plex information, it is desirable that the 
maximum separation be retained be- 
tween a signal which initiates output 
only in the Left channel or the Right 
channel. The ability of a system to pro- 
duce the largest possible ratio of the 
signal in rhe left-hand loudspeaker at 
rhe receiving end, to the signal in the 
right-hand loudspeaker, when excited by 
a pure Left signal, ts of interest (sim- 
ilarly for a pure Right signal ). This ratio 
is termed "stereophonic separation". 

It is a major endeavor of the newly 
approved system to maintain 30 db of 
srereo separation over the entire audio 
frequency range of 50 cps to 15,000 cps. 
If the system standards are adhered to, a 
broadcast transmitter can be assured of 
providing a signaJ capable of maintain- 
ing this separation. Considerable atten- 
tion to detail is required to achieve this, 
however. Chief among these are the 
need for amplitude flatness of better 
than over rhe 50 to 15,000 cps 

frequency range. In add! non, rhe time 
delay in the L — R channel must be so 
rifearly equal to chat in rhe L -p R chan- 
nel that not more chan 3 degrees of 
differential phase shift exists between 
an audio frequency transmitted by one 
channel relative to the other channel. 

This can be readily demonstrated if 
one will picture rwo parallel transmis- 
sion systems driven with the same input 
and then take the outputs in these two 
systems and add them vector ily and then 
subtract them veaorily in rwo isolated 
circuits. Figure 2 illustrates the situa- 
tion that exists in the stereo system 
when identical inputs (assumed as Left 
only) are fed into the L -\- R and L — R 
channels. If we consider that the trans- 
mission of the one channel differs from 
that of the Other by a magnitude "ft", 
and by an angle 0, we can then solve for 
the residual output which will exist in 
the difference circuit. If this residual 
output is defined as R*, we find that: 


R* — 20 log 



-f 2a cos 0 + 1 
— la cos 0 + l ' 


Figure 3 shows how stereo separa- 
tion depends on values of "a" for any 
angle 6 from 0 to 30 degrees. 



0 10 20 30 
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Figure 3. 5 /ereo Seporohon (Rt,) Versus Ang/o 0 

TRANSMISSION OF THE 
MULTIPLEX STEREO SIGNAL 

Afrer the signal has been generated 
and exists in the form shown in Figure 
1, or as described in equation 2, there 
are certain requirements placed ou the 
components which transmit or process 
the multiplex signal if the stereo sepa- 
ration is ro be maintained. These re- 
quirements are quite similar to those 
necessary ro faithfully reproduce tran- 
sient phenomena, in that rhe amplitude 
response must be quite flat and the time 
delay over the band must be of constant 
value. It is a wdi-known and unfortu- 
nate fact that most simple networks do 
nor exhibit these characteristics over 
their enrire passband. 

A typical nerwork chat is of interest 
in connection with FM signal generators 
and receivers is shown in Figure 4. This 
figure illustrates a simple "constant k” 
low -pass filter section. The LC low pass 
is typical of the RF filters that exist 
between the modulation Terminals and 
the reactive modulating element of most 
FM signal generators to prevent leakage 
of the carrier via the modulating leads. 
This filter is frequently one of the major 
limitations ro rhe electric fidelity of the 
FM channel of such generators. It can be 
easily seen that only about 20% of the 
passband of the LC circuit meets the 
constant time delay criterion. There- 
fore, if constant time delay were a re- 
quirement to be maintained up to 50 
kc, the circuit should actually have a 
bandwidth of 250 kc to provide negli- 
gible distortion of the multiplex signal. 


1c actually turns out that if the filter 
shown io Figure 4 were to contribute 
the maximum allowable delay error (3° 
at 15 kc, or 0.56 gsec.) that it is possi- 
ble to Operate with the upper sideband 
of che FM multiplex system at 0J9F Oj 
where F 0 is the nominal cutoff frequency 
of the filter. 

This fact is of considerable import- 
ance in selecting a suitable frequency 
modulation signal generator, since it 
shows rhat the actual modulation channel 
bandwidth will have to be 3 to 5 times 
53 kc in order that phase -distort ion less 
transmission can be relied upon. This is 
true of rhe BRC 202E Signal Generator, 
which is Only 1 db down at 200 kc and 
exhibits essentially constant time delay 
up to 75 kc of the modulating frequency. 
There are many good FM si goal gen- 
erators of older design (for example, 
che BRC 202B) which have elecrric 
fidelity of the order of L5 to 20 kc. 
These are generally unusable wirh the 
stereo multiplex system, unless extensive 
work is done to predistort the signal for 
use with these narrower band generators. 
This can be done, but usually entails 
individual measurements and tests on a 
given generator. 
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figure 4. "Constant K" low-Pas? Fitter Section 

DESIGN APPROACH TO 
BRC 219A 

With this background, we arc ready 
to ruin to rhe factors guiding the design 
of the 219A. Reference to the block 
diagram of Figure 5 will quickly show 
chat the "classical” approach to generat- 
ing the signal has been used jn this in- 
strument. This was done to provide a 
maximum of stability, ease of under- 
standing, and flexibility 1 in providing 
the specified and certain desired "out of 
specification" signals for rhe purpose of 
receiver and multiplex adapter testing. 
The major objectives of che design were 
to achieve simplicity of use, operational 
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SCA INPUT 



REFERENCE 

Figure 5. Black Diagram of the Type 2T 9~A 

stability, and self containment when which they perform. Particularly note- 

used with the BRC 202E and compare- worthy aie the matrix and mode switches, 

ble siguaJ generators. The matrix switch permits simple check- 

ing of the 2 19A for L — R null and 
INPUTS PROVIDED L -f R nuD, which permits a check on 


stereo separation which js measured wirh 
a signal ia ooly the Left or the Right 
channeL The mode switch permits an 
orderly checkout of the makeup of the 
multiplex signal, using the internal peak 
reading meter. 

For other chan the mosr advanced 
measurements, the meter integral to the 
2 19 A is aU that is needed ro verify 
proper setup of the multiplex signal. 
In addition, it can be used in conjunc- 
tion with various positions of the mode 
switch and panel adjustments, to set up 
a non-standard signal of the type which 
may be needed to simulate propagation 
effects on the multiplex signal. For ex- 
ample, the pilot carrier may be adjusted 
over a range of 0 to 30% co simulate 
the effects of multipath transmission, or 
non-flac transmission syscems. 

Since many receivers will use phase- 
locked sub-carrier oscillators, variation 
in level of the pilot carrier is necessary 
to test their performance. Knobs are pro- 
vided to adjust the pilot carrier level and 
the absolute output level of the 219A. 
A reference phase 19 kc output is pro- 
vided to facilitate this. 

The output level adjustment permits 
the use of the 2I9A wirh most FM 


Separate left and right inputs of nearly 
identical phase and frequency response 
are provided. L7 volts rms typically is 
required in left only or right only for 
45% of system deviation. The input 
impedance is 10 k ohms. In addition, an 
input is provided for an FM subcarrier 
generator co simulate the SCA signals 
with which receivers may have to deal. 
This requires 1.0 rms volts inco 10 k 
ohms, for 10% of system deviatioo. 

It should be noted char the 219A is. 
particularly easy to use with a BRC 
202E, since audio frequencies from 50 
cps to 10 kc, in several steps, may be 
supplied from the internal modulating 
oscillator of the 202 E. In addition, a 
Stable, balanced source of 1 kc is avail- 
able inside rhe 2I9A. A normal -reverse 
switch is provided on rhe 219A panel to 
permit either of chese two oscillators to 
be connected to the Left and Right 
channels. Thus, different frequencies 
are supplied for resting the two chan- 
nels, and rhe variable frequency oscil- 
lator in the 202 E can be used for fidel- 
ity n^easurements from 50 cps to 10 kc. 
Obviously, an external audio oscillator 
of any suitable type may also be used. 

CONTROLS 

The chart shown in Figure 6 lists the 


the interna] alignment of the 219A. In 
addinon, in these positions, outputs are 
provided using the internal 1 kc source, 
which permit crosstalk checking in a 
receiver or multiplex adapter between 
the L -(- R and L — R kc channels. This 
crossralk is not to be confused with 


signal generators. In use, it is Only nec- 
essary to set the mode switch ro the 
’’SET” position, and to set the internal 
1 kc level so the meter in the 219A 
reads 100% with the output connected 
to rhe FM signal generator. The controls 
of the FM signal generator axe then set 


FRONT PANEL CONTROLS 

FUNCTION 

NORMAL-REVERSE 

Interchanges Input channels, Including internal 1 kc oscillator. 

PREEMPHASJS 

Inserts 75 psec. pr&emphasls in L and R channels. 

1 KC 

Connects and varies level of internal 1 he oscillator to right 
channel. 

MATRIX 

Normal — See block diagram. Figure 6. 

L — R Null — Connects inputs of adder and subtracter to in- 
ternal fixed 1 kc source. 

L -j- R Null — Connects adder and subtracter inputs to opposite 
polarity, equal amplitude internal \ kc. 

MODE 

Set “ Connects internal 1 kc source to output meter to set 
output for 75 kc deviation. 

L-f- ft — Input signals go through adders to output; all else off; 
meter 105%. 

19 KC — Pilot on only; melor calibrated b>)0%, set pilot level. 
3S KC — Subcarrier on only, meler 0-10% lo balance subcarrier. 
L — R — Pilot an; L-j-R off, meter 100%, inputs connected, set 
L — ft gain. 

MULTIPLEX — All on; normal operation, 

MULTIPLEX OUTPUT 

Adjusts system output. 

PILOT LEVEL 

Adjusts level of pilot carrier. 

SCREWDRIVER ADJUSTMENTS 

FUNCTION 

MODULATOR BALANCE 

Fine balance adjustment for modulator. 

L — ft GAIN 

Adjusts gain of L — ft channel. 

ZERO 

Seis electrical zero of output peak voltmeter. 


controls provided and the fu act ions 


Figure 6. type 219-A Contra! Functions 
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to provide 75 kc deviation. After that, 
if the output level control is not dis- 
turbed, the 2I9A will supply the proper 
relative levels of other signals which 
make up rhe multiplex spectrum. 

Three screwdriver controls axe pro- 
vided: One permits adjustment of the 
suppressed carrier modulator amplitude 
balance, which although very stable, may 
experience changes from time to time 
as the tubes age differentially. Another 
an L — R gain balance control, is pro- 
vided for the same reason. The third 
cootrol permits electrical zeroing of the 
output meter. 

SPECIFICATIONS 

Following are the detailed perform- 
ance specifications of the 219A. 'When 
used with a BRC 202 E, die combination 
accurately simulates an FM broadcasting 
station of superior performance to that 
specified in FCC Docket 13506. 


modulator which transmits the L — -R 
signal. The circuit used is shown in block 
diagram form fn Figure 7. It uses four 
vacuum tubes biased to maximize the 
second order coefficient in the power 
series representing the plate current as 
a function of grid carhode voltage. In 
this circuit a balance of the 38 kc car- 
rier is achieved which is more than 
60 db below the fundamental compo- 
nents of plare currenr. In addition, ex- 
cellent balance of the baseband audio 
signals from 50 cps to 15>000 cps is 
1 achieved. As the modulator generates 
rhe desired sidebands by means of the 
second order coefficient, it should be 
expected rhat fairly large second har- 
monics of both the baseband and the 
carrier would be generated. This is true 
for the basic modulator involving rhe 
pair of tubes shown in the left of the 
diagram. The subcaxrier second harmonic 
at 76 kc is far enough removed from die 
desired output spectrum to be easily 


baseband. This second harmonic is com- 
bined with the basic modulator output 
by means of the difference amplifier 
shown in the diagram, to produce a 
bucking baseband second harmonic out- 
put. The combined output baseband 
second harmonic is considerably more 
than 40 db below the desired sideband 
at 90% modulation. 

As a result of this choice of modulator, 
an extremely stable circuit is provided 
which needs little output filtering. The 
baseband and carrier signals are supplied 
at low level and very low impedance, 
thus minimizing interaction and provid- 
ing for extremely flat frequency and 
phase response, since no transformers 
need be involved in the broad band cir- 
cuits. However, if rhe subcarrier signal 
source were rich in harmonics, unwanted 
outputs would result which could be only 
partially eliminated by a complex filter 
in the output of the modulator. 

This problem has been greatly mini- 


input Characteristics 

lept (ano right) input 
Frequency Range : 50 cps to 15 kc 

Level: 1,7 volts rms Left (or Right) only gives 45% 
output; simultaneous inputs yield 90% system 
deviation. 

Impedance: 10 k ohms 

Preemphasis 75 ;isec. : May be switched in ov out. 

SUBSIDIARY COMMUNICATIONS (SCA) INPUT 
Frequency Range: 20-75 kc. 

Level: 1.0 volts rms for 10% system deviation, typically. 
Impedance: 10 k ohms 

Modulating Oscillator Chaiactarfsttcs 

Frequency : 1 kc 
Accuracy: it 10% 

Distortion: <1% 

Connections: Switchable into Left or Right Inputs 

Output Characteristics 

Level : 0 to 7.5 volts peak of Multiplex Signal. 

Load Impedance: Not less than 1500 ohms shunted with 
not more than 200 m if 

Residual Hum and Noise: 60 db or more below 100% 

output 


Metering : 


Range: 0-10%, 0-100% 
Accuracy: ±2% of full scale 


Matrix : 


Normal: Output as selected by Output Mode 
Switch 

L-{- R Null: Left input equals — (Right) in- 
put for internal 1 kc oscillator 
only. 


L — R Null: Left input equals right input for 
internal 1 kc oscillator only. 

Output Modes: Switehable to Set, L-J-Rj 10 kc, 88 kc, 
L — R, and Multiplex 

PILOT CARRIER 
Frequency: 19 kc 
Accuracy: ±.01% 

Level: 0-30% of System Deviation. 

MONAURAL (L+R) 

Level : 0 to 100% 

^Fidelity: ±1 db from 50 cps to 15 kc 
^Distortion: <1% 

^measured at 45%, System Deviation 

DOUBLE SIDEBAND SUPPRESSED CARRIER (L— R) 

Carner Suppression: <%% System Deviation 
Level : 0 to 100% 

^Distortion : <1% 

"measured at 45% System Deviation 

SUBSIDIARY COMMUNICATIONS (SCA) 

Level : 0 to 20%) System Deviation 
Fidelity: 20 to 75 kc ±0.5 db 

19 KC SYNCHRONIZING SIGNAL 
Level : 0,5 volts rms Typical 

PHYSICAL CHARACTERISTICS 

Mounting: Cabinet for bench use; readily adaptable for 
19 " rack mounting 

Dimensions: Height 5%'% Width 16% ", Depth 10% J ' 

POWER REQUIREMENTS 
105-125 volts, 60 cps, 130 watts 


CIRCUIT DETAILS 

There ace several novel circuits which 
permit the 2 19 A to be stable and pre- 
cise in its performance. A major factor 
in the design of such an instrument is 
the double sideband suppressed carrier 


filtered out. However, the second har- 
monic of the baseband above 1L5 kc 
falls within the desired output spectrum 
of the modulator and therefore is doc 
filterable. The second pair of tubes 
shown in. Figure 7 corrects this problem 
by generating a second harmonic of the 


mized by the use of a high purity 38 kc 
oscillator of the amplitude stabilized 
variety. This oscillaror has high phase 
stability which is directly controlled by 
rhe second harmonic of a highly stable 
19 kc crystal oscillaror. A schematic of 
this circuit is shown in Figure 8. While 
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amplitude stabilized oscillators have been 
well known in the art, this is a simple, 
effective circuit of high stability which 
fits in nicely with the modulator pre- 
viously described. 

To avoid rhe use of expensive broad- 
band phase linear transformers in the 
adders and subtracters, sum and differ- 
ence amplifier circuits were used. The 
difference amplifier shown in Figure 9 
maintains its discr imination against 
common mode signals by 60 db or more 
for a wide range of vol rages and tube 
characteristics. It is used in two places 
in rhe 219A, as may be seen by reference 
to the block diagram (Figure 5). One 
use is for the initial subtraction of the 
Left and RJghc signals in the early por- 
tion of the block diagram. In addition, 
it is used in place of a broadband phase 
linear transformer ro subtract the second, 
harmonic conrriburion of the balance 
modulator from the main modulated 
signal source as described above. 

The use of the phase-locked oscillator 
provides a high degree of phase srabHity 
and at rhe same time has great freedom 
from unwanted phase modulation effects, 
thus providing a high degree of phase 
stability between the pilot carrier and 
the suppressed carrier. 

TESTS WHICH CAN BE PERFORMED 
WITH THE BRC 21 9A 

Reference to Figure 10 shows the 
219A being used in conjunction with 
the BRC 202E FM Signal Generator for 
receiver testing. It has been pointed 
out that this combination represents an 
extremely versatile self -con rained pack- 
age for receiver testing. Obviously, the 
219A may be used by itself for direct 
testing of a multiplex adapter as it sup- 
plies up to 7.5 volts peak of composite 
output into load impedances as low as 
L500 olims. It is obvious that the combi- 
nation of these two instruments will 
enable many receiver test and alignment 
functions co be carried our expeditiously. 
While the following description will 
cover those rests which may be made 
on a completed FM stereo receiver, by 
deletion of the reference to the RF por- 
tion of the system, many of rhese tests 
may be performed direcrly on a multi- 
plex adapter. 

Stereo Separation and 
Matrix Adjustment 

This is, of course, one of the major 
characteristics of a stereo system and 
will receive much attention from re- 
ceiver designers and servicemen, k is a 
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simple matter co make these measure- 
ments at I. kc since no external audio 
signal generators are required, nor are 
any external connections needed, other 
than the connection of the 2 L9A to the 
FM generator or to the multiplex adapter. 

In order co make this test, die matrix 
switch is placed in the normal position, 
the \ kc oscillator is turned on, and the 
mode switch set to L+R. The amplitude 
of the 1 kc output is adjusted for 45% 
on the meter, and the mode switch is 
moved to the multiplex position. Under 
these conditions, a right only signal is 
being fed through the system. If the 
receiver has not been previously aligned, 
the matrix adjustments may be made 
for maximum I kc in the Right channel 
and minimum J kc in the Left channel. 
When the normal- reverse switch on [he 
219A is set to the reverse position, the 
reverse situation will be true, and the 


stereo separation and receiver outputs 
may be measured at 1 kc. 

If this information is desired at dif- 
ferent frequencies, che internal I kc os- 
cillator may be turned off and connec- 
tion may be made between the AM 
terminals of the BRC 202E and the Left 
input terminals of the 219A using a 
special cable with a variable attenuator. 
Under these conditions, with the normal- 
reverse switch jn the normal position, 
signal output will appear in the Left 
channel. The proper level may be set to 
correspood to 45% system deviation by 
again switching to the L + R position 
and adjusting the input signal level foe 
45 %. Of course, this measurement may 
be made at other levels simply by adjust- 
ing the audio input level as required. 

Electrical Fidelity 

With the setup as described above, 
and by varying the frequency of the 
BRC 202E audio oscillator, it is possible 
ro quickly determine the electrical fidel- 
ity between 50 and 10,000 cps of the 
receiver circuits. A simple output merer 
of adequate frequency response is the 
Only additional equipment required. An 
external AF oscillator is required for 
measurement from 10 kc ro 15 kc. 

L -f-R — L — R Crosstalk 

When rhe matrix switch is placed in 
the L — R null position, the Left and 
Right inputs arc connected together ro 
rhe internal 1 kc signal source. This 
should produce little or no signal to rhe 
input of che double sideband suppressed 
carrier modulator. Under these condi- 
tions, little output should come from 
the subcarrier detector in the multiplex 
device. Using rh is connection, and vary- 
ing the RF signal level by adjusting the 
attenuator of the 202 E, will show if 
overload effects from the receiver or the 
multiplex circuitry are occurring which 
would cause crosstalk prior to demodula- 
tion of rhe monaural and stereo signals. 

NON-STANDARD 
SIGNAL MAKEUP 

By manipulation of the pilot carrier 
level knob, non-standard levels of piloc 
carrier may be adjusted from 0 to about 
30% of system deviation. The meter, 
in the 19 kc mode switch position, is 
calibrated from 6 to 10% only in che 
interest of maximum readability for che 
standard setting of the pilot carrier. 
Larger levels of pilot carrier may be 
metered by placing rhe. mode switch in 
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the L — R position with no audio input. 
As the 38 k c subcarrier is well nulled, 
the pilot carrier only causes the meter 
to read. The pilot may then be sec for 
the desired percentage of system devia- 
tion as read On the 0-100% system devi- 
ation meter scale. When the mode switch 



Figure TO. Type 219 A and Type 262E Intercon- 
nected for Receiver Testing 

is returned to the multiplex position, 
the desired excess pilot carrier will be 
present, and tests may be run. 

Screwdriver adjustment for the L — R 
gain provides a range of ri=10 db of 
L — R relative to L-J-R gain. 

SUMMARY 

From the preceding, it may be seen 
that the BRC 2l?A is a source of FM 
stereo multiplex baseband signals of con- 
siderable flexibility and involving some 
novel circuits in the interests of good 
performance and high srability. h should 
be re-emphasized that the combination 
of the 2 L9A and die BRC 202E give the 
customer modulated RF stereo multiplex 
signals of a quality better than the FCC 
specification and in packages that are 
designed for stability of calibration, ease 
of control, and long life. The writer js 
indebted to W. N. Frick and R. W. 
Houskamp who contributed greatly to 
the design of this instrument. 


BRC IN FULL SWING 
AT NEW PLANT 


Boon ton Radio Corporation is happy 
to announce that it is now situatea in 
its new plant and offices, and that oper- 
ation is again in full swing. The new 
facilities are located on a 70-acre site, 
near the recently completed Route 80 
in Rockaway, New Jersey; approxi- 
mately 7 miles from the old plant sice* 
An announcement of the new plant 
address, telephone number, and mailing 
address is given on the first page of 
this issue. It should be noted that the 
Company is retaining the Boonton 
mailing address. 

The administrative offices and engi- 
neering laboratory and the production 
sections of the building are intercon- 
nected at the upper level by a section 
which houses a cafereria area and the 
model shop. This section aers as a buf- 
fer between the office and production 
areas. 


l 



The building is of ultra-modern de- 
sign with exterior walls of pre-cast 
concrete and glass. The exterior walls 
of the office area are constructed almost 
entirely of tinted glass. These walls are 
recessed below the walls of the upper 
level, the overhanging upper level form- 
ing protection for a promenade which 
extends around the entire lower 
level. The recessed walls and the 
tinted glass provide protection against 
direct sunlight. 


Our new plant is completely air con- 
ditioned and is equipped with rhe 
latest in production and laboratory 
equipment. Among some of rhe new 
facilities are a completely equipped 
plating room, a paint shop, and a cafe- 
teria area. All of the other facilities 
have been enlarged and modernized. 

The plant is designed on a modu- 
lator basis to allow for future expansion. 
The unit now completed provides 
60,000 square feet, or more than twice 
the area available in the old plant. 
Ultimate expansion calls for four modu- 
lar units which will provide 320,000 
square feet of working and storage area. 

A series of articles about our new 
plant will be published in future issues 
of the Notebook. 

SERVICE NOTE 
Adjustment of Q Dial Lock 
Tension on the Type 280-A 

Jt is possible that, after prolonged 
use, the HIGH CIRCUIT Q and CIR- 
CUIT Q dial locking mechanisms on rhe 
Type 280-A UHF Q Meter will require 
adjustment. To adjust the dial lock 
mechanisms proceed as follows. 

1. Using a No. 8 Allen wrench, remove 
the two setscrews chat fasten the Q dial 
control knob to the control shaft. 

NOTH; The procedure is rhe same 
for both the HIGH CIR- 
CUIT Q and CIRCUIT Q 
dial lock mechanisms. 

2. Lock the Q dial with the Q lock 
control. 

3. Using a No. 4 Allen wrench, loosen 
the setscrew on the Q dial locking 
collar. 

4. Turn the Locking collar clockwise 
to remove all tension on the collar. 

5. Turn the collar clockwise until it 
is just finger tighc, then continue rota- 
tion for an additional 133° or about 
3/8 of a complete revolution. 

6. Tighten the setscrew on the lock- 
ing collar. 

7. Replace the Q dial concrol knob 
and tighten the two setscrews. 

8. Check the operation of the Q dial 
wtih the dial locked and unlocked. 
Operation should be smooch and posi- 
tive. There should be no slippage with 
rapid movements of the Q dial in 
either direction. 

LAHANA A CO. APPOINTED BRC 
SALES REPRESENTATIVE 

Boonton Radio Corporation is pleased 
to announce the appointment of Lahana 
& Company as exclusive sales repre- 
sentatives for BRC in Colorado, eastern 
Montana, Utah, and Wyoming. 
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EDITOR'S NOTE 

BRC Expands 
Sales Engineering Staff 

We are pleased co report that BRC 
has recently expanded its sales engi- 
neering staff. This is in step with BRC s 
overall expansion program, which in 
recent weeks has seen the completion of 
a new plant providing vastly improved 
engineering and production facilities. 
This increase -in the sales engineering 
staff was made to improve service, not 
only to direct sales customers, bur to all 
of our customers, through our sales 
engineering representatives atound the 
world. 

Most of our readers already know 
the BRC sales engineers: Charles W 
"Chuck” Quinn was introduced in Note- 
book 22; Willard J. "Will” Cerneys 
biography appeared in Notebook 25; 
and a story on Hans H. Schlott was 
published in Notebook 29. fn addition 
to handling sales in our local area, 
Chuck, Will, and Hans are responsible 
for aiding in the development of new 



applications; handling the introduction 
and initial evaluation of new products; 
participating in sales exhibitions, semi- 
nars, and meetings; and contributing to 
the BRC Notebook, BRC Bulletin, and 
other publications. 

To better organize our sales service, 
we have split our local area into three 
territories: Chuck handles New Jersey 
and Eastern Pennsylvania; Hans covers 
the Metropolitan New York area; and 
Will has been assigned to the Metro- 
politan Philadelphia, Baltimore, and 
Washington, D.C. areas. While our sales 
engineers still make their headquarters 
at the plant, they regularly tour their 


respective territories and, in case of an 
emergency, can generally be at a cus- 
tomer’s door within hours. Old friends 
or new are encouraged to drop them a 
line or give rhem a call for application 
engineering assistance. 

Since most of our readers will be in 
touch with the BRC sales staff, at one 
rime or another, we would like to cake 
this opportunity to introduce the entire 
group. In the photograph, from left to 
right, are: front row; Marion A. Dct- 
rico, Domestic Order Processing; Evelyn 
D. LaHart, Export Order Processing; 
second row, Eleanor D. Matschke, Liter- 
ature Requests; Grace L. Stone, Secretary 
to Sales Manager; Willard J. Cer ney, 
Sales Engineer; back row, Frank P. Mon- 
tes ion, Technical Editor; Charles W. 
Quinn, Sales Engineer; Harry J. Lang, 
Sales Manager; Hans H- Schlott, Re- 
gional Sales Manager; Harry A. Schmidt, 
Technical Writer; and Bruce A. Baroes, 
Sales Coordinator. 

All of these people are anxious to 
serve you. They may be reached by tele- 
phone at OAkwood 7-6400, or by TWX 
at Rockaway NJ 866. 


H| llefLSiedesttcM*^ 


ALBUOUERQUE, New Mexico 
NEELY ENTERPRISES 
6501 tomos 8lvd., N.E. 

TaUmhone: 255-5586 
TWX: AQ- 172 

ATLANTA, Georgio 

BIVINS & CALDWELL, INC 
51 10 Maple Drive, N.E. 

Tel. Atlanta, Georgia 233-1141 
TWX: AT 987 

BINGHAMTON, New York 

E. A. OSSMANN & ASSOC., INC. 
149 Front Street 

Vella I, New York 

Telephone* Stillwell 5-0296 
TWXj ENDlCOn NY 84 

BOONTON, New Jersey 

SOONTON RADIO CORPORATION 
50 Intervale Rood 
Telephone: DEer field 4-3200 
TWX: BOONTON NJ 866 

BOSTON, Massachusetts 
I N STRU WENT A SSOC i ATES 
30 Park Avenue 
Arlington, Mass. 

Telephone: Mission 8-2922 
TWX: AftL MASS 253 

CHICAGO 45, fWina/i 
CROSSLEY ASSOC., INC. 

2501 W. Peterson Ave. 

Telephone: BRoedwoy 5-1600 
TWX: CG50S 

CLEVELAND 24, Ohio 
S. STERLING COMPANY 
5827 Moy field Road 
Telephone; HILLcrest 2-8080 
TWX: CV 372 

DALLAS 9, Texas 

EARL LIPSCOMB ASSOCIATES 
3605 Inwood Road 
Telephone: Fleetwood 7-1881 
TWX DL 411 

DAYTON T9. Ohio 

CROSSLEY ASSOC., INC. 

2301 For Hilli Avenue 
Telephone-- AXmlmrer 9-3594 
TWX: DY 306 


DENVER 10, Colorado 
LAHANA & COMPANY 
1886 South Broadway 
Telephone: PEarl 3-3791 
TWX: DN 676 

OF TROiX 35, Michigon 
S. STERLING COMPANY 
15310 W. McNichola Rd. 
Telephone! BRoadway 3-2900 
TWXi DE 1141 

Ei FAS O, Texas 

EARL LIPSCOM8 ASSOCIATES 
720 North Sronlon Street 
Telephone: KEystone 2-7281 

HARTFORD, Conn&cfrcu/ 
INSTRUMENT ASSOCIATES 
734 A&ylum Avenue 
Telephone: CHapel 6-5686 
TWX. HF 266 

HIGH POINT, North Carolina 
BIVJNS & CALDWELL, INC. 

1923 North Main Street 
Telephone: High Point 862-6973 
TWX: HIGH POINT NC 454 

HOUSTON 5, Texas 

EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: MOhawk 7-2407 
TWX: HO 967 

HUNTSVILLE, Alabama 

BIVINS & CALDWELL, INC. 
Telephanoi 534-5733 
{Direct line to Atlanta) 

tNDlANAPOUS 20, Indiana 
CROSSLEY ASSOC., INC. 

5420 North College Avenue 
Telephone: Clifford 1-9255 
TWX: IP 545 

LAS CRUCES, New Mexico 
NEELY ENTERPRISES 
114 South Water Street 
Telephone: 526-2436 
TWX: LAS CRUCES NM 5851 


LOS ANGELES, California 
NEELY ENTERPRISES 
3939 Lanfcecsh/nn filwd. 

North Hollywood, California 
Telethons; TRidnale 7-1282 
TWX: N-HOL7133 
ORLANDO, Florida 

BIVINS * CA LOWELL, INC. 

P.O. Bax 6941 
601 N- Fern Crook Drive 
Telephone: CHorry 1-1091 
TWX; OR 7026 

OTTAWA 4, Ontario, Canada 
BAYLY ENGINEERING, LTD. 

80 Argyla Ave. 

Telephone. CEniral 2-9821 

PHOEN/X, Arizona 
NEELY ENTERPRISES 
641 East Missouri Avenue 
Telephone: CResiwood 4-5431 
TWX: PX 483 

PITTSBURGH 27, Pennsylvania 
S. STERLING COMPANY 
4232 Brownsville Rood 
Telephone: TUxedo 4-5515 
PORTLAND 9, Oregon 
ARVA, INC. 

1238 N.W. Glisen Street 
Telephone: CApital 2-7337 
RICHMOND 30., Virginia 
BIVINS & CALDWELL, INC. 

1219 High Point Avenue 
Telephone: ELgin 5-7921 
TWX: RH 586 

ROCHESTER 2 S, New York 

E. A. OSSMANN 6 ASSOC., INC- 
830 Linden Avenue 
Telephone: LUdlow 6-4940 
TWXi RO 1B9 

Sacramento, California 

NEELY ENTERPRISES 
1317 Fifteenth Street 
Telephone; Gilbert 2-890T 
TWX: SC 124 

SALT LAKE CITY IS, Utah 
LAHANA A COMPANY 
1482 Mojor St roc I 
Telephone; HUnier 6-8166 
TWX: SU 586 


SAN DIFGO, California 
NEELY ENTERPRISES 
1055 Shofter Street 
Telephone: ACademy 3-8103 
TWXr SD 6315 

SAN FRANCISCO, Californio 
NEELY ENTERPRISES 
501 Laurel Streot 
San Carlos, Californio 
Telephone: LYtdl 1-2626 
TWX: S CAR- 8 EL 94 

SEATTLE 9, Washington 
ARVA, INC, 

1320 Prospect Street 
Telephone: MAin 2-0177 

SPOKANE 10, Washrng/on 
ARVA, INC. 

Eoat 127 Augusta Avenue 
Telephone; FAirfox 5-2557 

ST. PAUL 14, Minnesota 
CROSSLEY ASSOC., INC. 

842 Raymond Avenue 
Telephone: Midway 6-7881 
TWX: ST P 1 IB1 

SYRACUSE, New York 

E. A. OSSMAN A ASSOCIATES, INC. 
P. O. Box 128 
101 Pickard Drive 
Telephone: GLcnview 4-2462 

TWX: SS 355 

TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 

Hunt Sheet, Ajax, Ontario, Canada 
Telephone: Afax, WHIlehall 2-1020 
(Toronio) 925-2126 

TUSCON, Arizona 
NEELY ENTERPRISES 
232 South Turnon Blvd, 

Telephone; MAln 3-2564 
TWX, TS 5981 

VANCOUVER 9, B. C. Canada 
ARVA, INC. 

1624 West 3rd Avenue 
Telephone: REgont 6-6377 
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DESIGN OF AN IMPROVED FM-AM 
SIGNAL GENERATOR 

ARTHUR N. OATIS, Development Engineer 



The age of missiles and satellites has 
suddenly created a need for communi- 
cations and data transmission systems 
which impose tight requirements on FM 
receivers. For example* FM telemetering 
systems have squeezed more and more 
carrier frequencies into their band* and 
each carrier is required to contain more 
information per unit time than has been 
needed in the past. These considerations 
alone imply that FM receivers for tele- 
metering purposes be capable of hand- 
ling higher modulation frequencies than 
they have in the past and, at the same 
time* provide for isolation of the more 
closely spaced subcarriers. It is impor- 
tant chat the modulated carriers in such 
systems be free of extraneous sidebands 
in order to minimize crosstalk between 
adjacent subcarriers. Hence, the trans- 
mitters used in these systems are apt to 
have a highly linear FM characteristic 
(frequency vs. voltage characteristic). 
In the world of FM signals for home 
entertainment too, the importance of 
FM linearity is stronger than ever* now 
that we are faced with the closely spaced 
(L+R) and (I — R) stereo channels. 1 
The 202H and 202J FM signal gener- 
ators are intended to assist engineers and 
technicians associated with the function 
and/or development of such communi- 
cation systems. 

In view of the above considerations* 




Figaro I. Type 202 J 

BRC decided to concentrate its design 
effort on obtaining a linear modulation 
characteristic. Readers familiar with the 
202 E and 202 G* which these new in- 
struments replace, are aware that these 
instruments have an exceptionally stable 
FM characteristic. Since the 202 line has 
been much admired for this character- 
istic by communications engineers for 
nearly fifteen years* it was decided to 
build on the same basic design rather 
than to embark on a new idea. Hence* 
the RF portion of the instrument* in 
block form* remains unchanged. Figures 
2 and 3 show the 202H and 202J* re- 
spectively* in block form. 

FM Linearity 

By giving routine, but careful, atten- 
tion to the oscillator and reactance tube 
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SignaJ Generator 


circuits (described under design Con- 
siderations for the Oscillator and Modu- 
lator)* a linearity of 1^2% (equivalent 
to ^A% total harmonic distortion) at 
130 kc deviation for the 202 J was 
achieved. Ar 300 kc deviation, the FM 
linearity is 5%, The 202H FM char- 
acteristic yields a demodulated output 
with less than 1% THD at 73 kc de- 
viation. Ac 100 Me carrier and 73 kc 
deviation, che 202H introduces Vi% 
THD. 

All of the above numbers are speci- 
fied limits, and typical performance i$ 
consistently better. 

Electronic Vernier Tuning 

A new system of electronic vernier 
tuning has been incorporated into both 
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the new 202 H and 202 J ro permit rela- 
tively small calibrated changes in output 
frequency. This system operates by ap- 
plying dc voltage to the grid of the 
reactance tube through a precision po- 
tenriomerer. The total range of cbc con- 
trol is ±40kc. The calibrated dial covers 
the range of iJOkc in Lkc increments 
and may be slipped against the poten- 
tiometer shaft by operating a dial lock 
mechanism. A jack is also provided for 
insen ing external dc volrage for use In 
connection with an external X-Y plotter 
or frequency control system. 

Microphonics and Vibration 

Potentially, vibration and sound are 
two of rhe main sources of disturbance 
in low deviation measurements. Design 
of the 202 H and J is aimed at alleviat- 
ing this problem. Figure 4 shows rhe 
mounring of an RF unit in the 202} 
and H. The unit is supported by four 
vibration absorbing mounts. Bellows- 
type, flexible couplings isolate the shafts 
of the main tuning capacitor and of the 
attenuator's piston from rhe front panel. 
The net result is that the FM sensitivity 
of the 202H and J to acoustic or me- 
chanical impulses, applied to the front 
panel or to the mounting hardware, is 
five times less than that of the 202 E 
and G. Thus, the short-term frequency 
stability is much improved in all bur 
rhe most quiet environments. 


Automatic Level Set 

The modern tubes used in the am- 
plifier and doublers of the RF unit pro- 
vide enough reserve RF power output to 
operate a level control circuit. The out- 
put meter remains within =t2% of the 
“red line” setting (for 0.2 volrs maxi- 
mum output) across the frequency band. 

Power Supply 

The new generators contain regulated 
dc power supplies (both plate and fila- 
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Pigur a 2 . Block Diagram of Type 202H 


ment) for all tubes in the RF unit. As 
a result of these regulated supplies the 
residual FM ac line frequency in the 
202J is less chan half as much as it is 
in rhe 202G. 

In order that rhe entire instrument 
be contained in a single package with- 
out excessive heating of the RF unic 
by the power supplies, all active com- 
ponents of the power supplies are 
semiconductors. 

There are three basic improvements 
in the 202H over the 202 E supply. 

1. The power supply and signal gener- 
ator are contained in a single cabinet. 

2. Both supplies axe more stable (by a 
factor of 5 ) , with respect ro line 
voltage fluctuations, rhan are their 
counterparts in the 202 E. 


3 The 202H power supply contains 
neither a ballast tube nor a VR tube, 
both of which components are 
vulnerable. 


FM Bandwidth of 202J 

A need for wide bandwidth arises 
pan icu lari y in PCM telemetering sys- 
tems. The maximum 1R1G Telemeter- 
ing standard bit rate is 330kc in the 
VHF band, and the receiver IF band- 
width requirement for this bit rate is 
about 500 kc. Hence, the bandwidth of 
an FM Signal Generator for checking a 
receiver’s ability to handle such signals 
should be more than 500 kc. The 202} 
has a 1 me FM bandwidth. 
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Peak Reading Modulation Meter 
Circuit for 202J 

The modulanoQ meter circuit is en- 
tirely new for the 202 J. It reads the 
peak-co-peak deviation for ail modula- 
tion waveforms which do not have im- 
portant frequency components outside 
the pass band of 10 cps to 1 me. The 
circuit consists of a two-stage, feedback 
amplifier, followed by a peak-io-peak 
voltmeter circuit. 

The 202H has the same kind of aver- 
aging meter circuit as the 202 E it re- 
places, with two exceptions: rhe diodes 
in rhe 202H meter circuit are more 
stable* and the dependence of the meter 
reading stability on diode stability has 
been reduced by amplifying the signals 
to be measured before metering them. 

In order to ensure a net gain in over- 
all meter accuracy, the amplifier has 
been heavily stabilized by negative feed- 
back. 

Design Considerations for the 
Oscillator and Modulator 

The basic BRC 202 frequency modu- 
lator Is now, as it always has been, a 
reactance cube with a bridged -T phase 
shift network. One of the merits of this 
type of network is that it allows rela- 
tively lircle variation of deviation sensi- 
rivity with carrier frequency. The small 
variation in FM sensitivity is diminished 
by ganging one of the passive elements 
in the phase shift network to the runing 
capacitor in rhe oscillator. An analysis 
of the action of the bridged-T and 
other phase shift networks used with 


reactance tube frequency modulators has 
been given by M. Crosby and D. Hill.' 5 
Within this framework, the improved 
FM linearity in rhe 202H and J has 
been achieved with no loss of constancy 
of FM sensitivity or carrier frequency 
stability. 

In the process of developing an FM 
oscillator, one must be sure that, at every 
frequency in the tuning band, the oscil- 
lator operates at a frequency fairly dose 
to resonance of the LC circuit. If, at 
some frequency in the band, rhe oscilla- 
tor departs from this frequency, rben the 
impedance of the LC cixcaic contains an 
equivalent paraJlel reactance at that 
frequency. Of course, cbis kind of action 
does not prevent us from frequency 
modulating the oscillator, but it does re- 
sult in rather violent changes id FM 
sensitiviry at some points ir» rhe band. 

Occasionally one finds a carrier fre- 
quency dose enough to a point of dis- 
continuity to be traversed in the modu- 
lation cycle. We still modulate the in- 
ductance of the LC circuit as planned, 
but the departure of operating frequency 
from resooance is now varying during 
the cydc. This is not the kind of be- 
havior one would care to make allow- 
ances for. Therefore, great pains were 
taken to design the oscillator-reactance 
cube combi ntaion such that these effects 
were minimized. The oscillator was 
loaded as lightly as practicable by the 
phase shift neework, for example. 

In rhe interest of FM linearity, the 
oscillator level is rather low so that its 
phase shifted output cannot drive the 
reactance tube outside of its linear region. 


Tube type 6688 was chosen for the 
reactance rube and doubler stages, pri- 
marily because of its high stability and 
high tra ns- conductance. It has the added 
merit of low input conductance in the 
VHF band. 


New Packaging 

Both of these new signal generators 
are packaged in a restyled cabinet which 
can be readily rack-mounted. The front 
panel RF output jack cap also be readily 
installed in a mounting hole, provided 
io the rear cabinet panel, for rack- 
mounted applications. Convenient carry- 
ing handles arc provided on the sides of 
the cabinet in addition to the standard 
rack handles integral with the side 
frame castings. 


Specifications 

The following specifications apply le both ihe 
Types 202J and 202H, unless olher^me indicated. 

RADIO FREQUENCY CHARACTERISTICS 
RF Range: 193-270 MC (202J) 54-2)6 MC (202H) 
No. Bands: I [202)) 2 (202H) 

Bond Ranges: 195-270 MC {202 J) 54-103 MC. 108- 
216 MC (202H) 

RF Accuracy: 

Main Dial; ±0.5%* 

Electronic Vernier: ±{10% +1 KC}' 

"otter ona hour warm-up 
RF Calibration: 

Main Dial: Increments of 0-5 MC (202J and 54- 
108 MC on 202H) 

Increments of 1-0 MC (108-21& MC on 
202HJ 

Mechanical Vernier: 2200 dlvbioni ihraugh range 

{202 J) 

2200 divisions through range 
(202H) 

Electronic Vomiert Increments of 1 <KC aver ±30 
KC range' 

"total ronao ±40 KC; provision for slipping dial 
to place n 0 n at o specific frequency 
RF Stabllhy: 

0.02% per hour* (202J) 

0.01% per hour (202H) 

A ofier two hour warm-up 
RF Output: 

Range: 0,1 /av lo 0.2 volts* 

'across external 50 ohm load ai panel jack 
Accuracy i ±10%, 0.1 *tv to 50 K ^.v 

=20%. 50 X fiv lo 0.2 volu 
Auto bevel Set: holds RF monitor meter to "red 
line" over band 
Impedance; 50 ohms 
VSWft: 1.2 

Spurious Output; All spurious RF output voltages 
are at lead 25 db bo low desired fundamental 
on 202J (30 db on 202 H) 

RF Leakage: Sufficiently low to permit measure- 
ments a i 0.1 jiv 

AMPLITUDE MODULATION CHARACTERISTICS 
AM Range: 

Internal: 0-50% 

External: 0-100% 

AM Accuracy : =10% at 30% and 50% AM 
AM Calibration. 30. 50, 100% 

AM Distortion; 5% at 30% 

6% at 50% 

20% a I 100% 

AM Fidelity; ±1 db y 30 cps to 200 KC 

FREQUENCY MODULATION CHARACTERISTICS 
FM Range; 

Internal: 0-300 KC in 4 ranges (202J} 

0-250 KC In 4 ranges (202 Hi 
External: 0-300 KC in 4 ranges (202 J) 

0-250 KC in 4 range* (202HJ 
FM Accuracy: ±5% of full-scale* 

’Inched I Ion proportional to peak-lc-peak (202 JJ 
and sine-wave (202H) of modulating wave- 
farm 
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FM Colibrolion: 

202J 

0-15 KC in Inaemenu of 0.5 KC 
0-30 KC In tncromonlt af I KC 
0-150 KC In Iiur«m«nu ot 5 KC 
0-300 KC In intfemenu of 10 KC 
202H 

0-7.3 KC in increments of 0,5 KC 
0-23 KC in increments of 1 KC 
0-75 KC in increments of 5 KC 
0-250 KC in increments of 10 KC 
FM Non- Linear tty 1.5% at 150 KC, 5% 

at 300 KC <202J> 

* JJ leosf squared' departure from straight line 
passing through origin 

FM Did on ion: 0.5% at 75 KC (100 mC ond 400 

cpi modulation only) 

(202H) 1% ot 75 KC (54-216 MC) 

10% at 240 KC (54-216 MC) 

FM bandwidth: 2:3 db, 3 cps to 1 MC (202 J) 

FM fidelity: =rl db, 5 tps to 500 KC (202J) 

= 1 db 5 cps la 200 KC (202 H; 

Spurious FM: Total RMS spurious FM from 60 cps 
power source is ot least 60 db below 150 KC 
(202 J) 

Signal -to* noise Ratio: 60 db below 10 KC (702H) 

Mlc/ophonkm: Extremely lowj shock-mounted RF 

unit 

External FM Requirements: 1 volt RMS into 100K 

ohms for 150 KC deviation 


PULSE MODULATION CHARACTERISTICS 
PM Sourcet External 
PM Rise Time: 0-25 (tuee 

PM Fall Time: 0.8 fis^c 


MODULATING OSCILLATOR CHARACTERISTICS 


OSC Frequency: 
202J 
50 cps 
400 cps 
1730 cpi 
3900 cps 


10.5 KC 50 cps 

30 KC 400 cps 

70 KC 1000 cps 

100 KC 3000 cps 

OSC Accuracy: ^=5% 

OSC Distortion: 0.5% 

OSC External Output: 

30 volts approx, at external FM posts 
30 volts opprax. at external AM posts 


202 H 

7.5 KC 
10 KC 
15 KC 
25 KC 


PHYSICAL CHARACTERISTICS 
Mounting: Coblnei for bench use; readily odoptable 
for l? rJ rack mounting 

Finish: Groy engraved panel: green cabinet (other 
finishes available on special order) 

Dimensions: Hoighh I0W’ Width 1 I6^ J| Depth. 

\ZW 

Weight: Net: 45 lbs. 


POWER REQUIREMENTS 


ACCESSORIES 

Furnished: Type 502-8 Patching Coble 
Available: Type 207-G Univerter (202JJ 
Type 207- E U reverter (202H) 
Type 501 -B Output Coale 
Type 504- A Adapter 
Typo 505 -B Attenuator 
Type 505-6 Patching Cable 
Type 507-6 Adapter 
Typo 508- B Adapter 
Type 509- B Ati'enuotar 
Type 510-B Attenuator 
Typo 514-B Output Cable 
Type 517 B Output Coble 


TUBE COMPLEMENT 


Tubes Transistors 
3—6688 I — 2N100B 
1 — 6AF4 I— 2N 1 1368 

1 — -6AW8 1— 2N1136 

3— 6AU6 2— 2NI379 
1— 6BK7 
6AQ5 
1— 12AU7 
1— 6DJ8 


Diodes Zener Diodes 
2— 1N660 6— G31A-7H 

2 — -IN 1763 1— G31H-56L 

4— IN1764 1 — G31G-7H 

2 — -1 N158I 2— G31A-12H 

1 — 51029 I — G31G-47L 


105-125/210-250 volts, $0-60 cps, 100 waifs 


References 

1. Jfohn P. Van Duyne, "A Modulator for 
the Mew FM Stereo System,” BRC Note- 
book Number 30. 

2. M. G. Crosby and D. M. Hill. "Design of 

FM Signal Generator/' Electronics, Nov,, 
■ 6, pages 96-101. 
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EXTERNAL OR "IN CIRCUIT" MEASUREMENTS 
ON THE UHF Q METER 

CHARLES W. QUINN/ Sales Engines 


Derailed information about the^design 
and theory of operation of the UHF Q 
Meter Type 280-A 15 given in Notebook 
Number 27. Conventional applications 
arc covered in detail in Notebook Num- 
ber 28. An article concerning calibration 
of the instrument appears in Notebook 
Number 29. This article will deal specif- 
ically wirh the "unconventional" external 
or "in circuit applications. 

Basic Theory of Measurement 

Briefly, the UHF Q Meter utilises the 

h 

bandwidth relationship Q = (for 

Af 

Q^10) to determine Q, as shown in 
Figure 1. A resonance indicating merer 
is used to determine the peak of the 
resonance curve and to resolve the half- 
power (.707V) points. This means that 
the UHF Q Meter reads Q in terms of 
frequency; the frequency being deter- 
mined by the ability of rhe instrument 
ro measure a reUtive amplitude change 
of 3db. The absolute value of V in 
Figure 1 is of no consequence and may 



Figure J. O ftesonance Curve 


vary over a few decades (depending on 
the coupling of rhe probes and gain) 
wichoui affecting the ability of the in- 
strument to read circuit Q. 

Type 5 80 -A Probe Kit 

In order to provide a convenient 
means of coupling into the external 


resonators Or circuits, BRC has designed 
a probe kit (Type 580- A) which is 
suitable for many external measure- 
ments. The kit consists essentially of an 
injection probe and a detection probe, 
designed for coupling the external cir- 
cuits to the output of the oscillator and 
the inpur to the chopper amplifier in 
the 280-A. For external measurements, 
the Q capacitor and associated coupling 
circuits in the UHF Q Meter are dis- 
connected at the rear of the instrument 
and the injection and detection probes, 
furnished with the probe kit, are con- 
nected in their place. A basic block dia- 
gram of rhe UHF Q Meter, connected 
for external measurements, is shown in 
Figure 2. 

Methods of Coupling 
to Test Circuits 

Before discussing some of the tech- 
niques for "in circuit" measurements, it 
would be well to point out two basic 
requirements which should be met by 
the external circuit to be measured. First, 
the circuit must be resonant in the fre- 
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figure 3. SJoffc Diagram oi UHf Q Meter Showing Conned Ion s for External Measurements 


quency range of the 280- A (210 to 6 10 
Me) . Secondly* the Q of ihe circuit must 
range from 10 co 25,000. 

Figure 3A shows a epical amplifier 
configures ion wirli a tuned coaxial res- 
onator used as a plate load. This circuit 
may be measured using both the injec- 
tion and detection probes in the Type 
580- A Probe Kit, since it has access 
holes large enough for insertion of both 
probes. A preselector resonator could be 
similarly measured. 

Figure 3B demonstrates another tech- 
nique where an existing or "built in"' 
loop is use for injection into the circuit 
to be measured and the 580- A detection 
probe is inserted into an access hole. In 
this case, care must be taken that ihe 
280-A oscillator load does not exceed a 
1 2 VSWR, referred to 50 ohms. 

In Figure 3C the 580- A Probe Kit is 
not used. Existing or "built in" injection 
and detection circuits are connected di- 
rectly to the 280-A oscillator and chop- 
per amplifier circuits. When using this 
technique, the law of the detector used 
must be evaluated and taken into ac- 
count. This may be accomplished by 
connecting a signal generator to the de- 
tector and using the variable attenuator 
in the signal generator to set up the 3db 
point on the 280-A resonance indicating 
meter. A precision Jdb attenuator, con- 
nected in series with the signal genera- 
tor, may be used for a more precise 
check of the detector. 

Figure 3D illustrates still another 
technique for measuring an external cir- 
cuh. The 280-A oscillator is connected 
to a tube input circuit, which may be 
"hot" or “cold"* and the detection probe 
is connected at the ourput connector. 
This type connection is especially de- 
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Figure 3. Coup/mg Techniques 

sirable where it is necessary to evaluate 
the effects of dynamic loading. For this 
type measurement the input circuit 
should be relatively broad. 

From die foregoing, it can be seen 
that there are many techniques which 
may be used to couple into the external 
test circuits for performing "in circuit” 
measurements on die 280-A; serving an 
extremely broad range of applications. 

Resonator Measurements 

The configurations of resonators in 
dhe frequency range of the 280-A are 
varied. A few of these configurations 
are shown in Figure 4. When perform- 
ing resonator measurements ic should be 


remembered that the resonators should 
be coupled to rhe 280-A ar points which 
provide optimum coupling, wtih mini- 
mum loading by the 280-A. Basically, 
magnetic coupling is optimum at rhe 
Voltage Node point, or point of maxi- 
mum current; i.e., the low Z point. Dc 
rection is optimum at the Current Node 
point or the point of maximum voltage; 
i.e., rhe high Z point ( Figure 4). 

Test Circuit Loading 

Minimum loading is accomplished 
with the detector coupled as "loosely" 
as practical. The injection circuit, on 
rhe other hand, may be coupled much 
"tighter" without loading. The extent of 
loading can be evaluated by making a 
series of Q measurements at different 
sensitivity levels and probe spacings. 
Higher Q readings are indicative of 
negligible loading. The measurement 
should, therefore, be made at the mini- 
mum sensitivity level at which negligible 
loading occurs. 

Extension of L Range 

It is interesting to note that externa! 
measurements permit rhe inductance 
range of the 280-A co be extended be- 
yond the specified 2.5 to 146 muh range 
of the internal resonating capacitor. Re- 
ferring to Figure 4G, if C were known* 
and could be adjusted to a value less 
than 4 pf (the minimum capacitance of 
the 280-A Q capacitor) * the inductance 
range of the instrument could be ex- 
tended to as much as 2 /di. This may be 
accomplished using a high quality, small 
variable capacitor with a range of ap- 
proximately 0.2 ro 3 pf and a Q of 200 
or more. 'The 580-A probes arc con- 
nected as shown in Figure 2 for external 
measurements. Either of the following 
techniques may then be used. The 
capacirance required to resonate the in- 
ductor could be estimated and the vari- 
able capacitor set for this value, using 
the calibrated Q capacitor. C] and Q } 
would then be measured. Then, with the 
coil and capacitor placed approximately 
as shown in Figure 4G> the resonant 
frequency and circuit Q (Q,. ) would be 
determined. The inductance of the coil 
would then be computed for the meas- 
urement frequency using the following 
equations: 

i Q,Q, 

t = — — — Q — ■ 

gltCi Qj — Q<- 
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BUTTERFLY RESONATOR RESONATOR 
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"D" 



"lumped ' 1 resonator 

"o J 


Figure 4. Typical Resonator Configurations 



Figure 5. "Work Box " used os Shield for 
Resonator Measurements 


wave vaFaccors ; diodes, and Other semi- 
conductors, where capacitance values are 
low a ad Q values are high. 

The reentrant cavity or coaxial resona j 
tor is probably one of the most versatile 
resonators, since its performance can be 
readily calculated. It can serve as a fix- 
ture for evaluating dielectrics (Figure 
6A ) or magnetics (Figure 6B) m the 
frequency range of the 280-A (210 to 
610 Me). 


Another technique for extending the in- 
ductance range of the 280-A involves 
adjusting the variable capacitor until die 
desired resonant frequency is indicated 
by rhe 280-A. Circuit Q (Q c ) is then 
measured. The variable capacitance (C) 
and Q are then measured on the 280-A 
and the' above equations are 1 used co 
determine L and Q. 

Test Circuit Shielding 
When small or unshielded resonators 
arc to be measured, it is often desirable 
to make use of shielding co minimize 
hand capacitance 1 ' and radianon effects. 
This shielding may be in the form of a 
work box" with built in supports for 
the 580-A probes* as shown in Figure 
5, A serup of this type would be useful 
for evaluating the inductor mentioned in 
the previous paragraph. 

External Resonators as 
Jigs and Fixtures 

Resonators, in various forms, have ap- 
plications in many fields. The "D" res- 
onator (Figure 4D), because of its pe- 
culiar magnetic field, is used in the 
investigation of molecular resonances in 
the field of basic research to improve 
our understanding of materials. "C type 
resonators could be used for the measure- 
ment of dielectrics where the specimen 
is inserted into the gap that forms the 
resonating capacitance. Helical reson- 
ators are used to investigate the effects 
of ionization of gases in the ion pro- 
pulsion field. The helical resonator will 
also be useful in the evaluation of micro- 
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Figure 6. 

Measurements Under Simulated 
Environmental Conditions 

The coaxial and other type resonators 
may be used with the '580-A Probe Kit 
to provide thermal isolation between the 
specimen and the instrument. This would 
be of special interest co research and 
development people involved with tem- 
perature measurements. 

Extension Probes for Small or 
Limited Access Resonators 

The 580-A Probe Kit utilizes a tele- 
scoping sleeve principle. The outside di- 
ameter of the inner sleeve is 0.430 
inch. The outside diameter of the outer 
sleeve is 0.500 inch. These diameters 
may be too large for some special ap- 
plications, either because of rhe physical 
size or the effect this size would have 
on the circuit under test. For high Q 
circuits (100 or more), this situation 


can be remedied by fabricating exten- 
sions for the probes, similar to the sam- 
ples shown in Figure 7A. This would 
permit measurements w here the diameter 
of the access holes would be limited 
only by the diameter of rhe coaxial 
cable used, 


Note that the length of these probe 
extensions must be such that their res- 
onant frequency is well above the res- 
onant frequency of rhe resonator being 
measured. Resonance of the probes may 
be checked by bringing them close to 
each Other, with the external resonator 
removed, and sweeping rhe frequency 
through the point of measurement. If 
the probe extensions are functioning 
properly, no sharp slope in output in- 
dications should be observed. 


SOLID COAX 
UNE (TEtLON 
DIELECTRIC) 



INJ. PROS EXTENSION 
"A M 


SMALL_ 

SMALL^ fl J 

[T^ 


WASHER LPT 



CAP PROSE EXTENSION 
"S" 


Figure 7. Examples o I Probe Extensions 


Conclusion 

An artempt has been made here to 
point up some of the techniques which 
could be used for performing externa! 
measurements of circuits and resonators 
with the Type 280- A UHF Q Meter. 
Doubtless there are many applications 
which have not been touched upon or 
that should be expanded upon. It is our 
intension to delve more into dielectric 
measurements, low and high temper- 
ature techniques, semi-conductor meas- 
urements, and magnetics, in future Note- 
book an ides/ In the meantime, we here at 
BRC would appreciate hearing from any 
of our customers who have measurement 
problems in this area or who have 
evolved new measuremenr techniques 
whidt could be applied to this versatile 
instrument. 
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SERVICE NOTE 

Modification of Type 250-A for 
Reduced Signal Level and 
Increased Sensitivity 


Reducing Signal Level 

An improved me chad has been devised 
for reducing the signal level ai ihe termi- 
nals of the Type 250-A RX Meter for 
special applications where a low signal 
level is required. In the past, the signal 
level was lowered by inserting a 100K 
ohm potentiometer in the signal oscil- 
lator plate supply, as described on pages 
1 6 through 18 of the 2 50- A instruction 
manual. This provided a means for vary- 
ing the oscillator plate voltage, thus re- 
ducing rhe signal oscillator ourpuc level. 
This system works satisfactorily for the 
most part, but occasionally a plate volt- 
age will be selected which will "shut -off" 
the oscillator. 


“A - 



Figure I. Modification tot Reduced Signal Level 

The new method provides for fhe con- 
nection of a fixed or variable external at- 
tenuator (or attenuators) in series with 
die RF signal source to the bridge. In 
order to provide a convenient means for 
connecting the arrenuacors in the signal 
circuits, rhe bridge and oscillator con- 
nections are made accessible at the rear 
of the instrument cabinet. These con- 
nections are jumpered for normal opera- 
tion. For special applications, the jumpers 
are removed and replaced with fixed or 
variable attenuators. In most cases, the 
attenuator is connected in place of 
jumper "A" (Figure I). In some in- 
stances, because of mixing in che test 
component, it would be desirable to at- 
tenuate both signals. 

1 This modification wils suggested by H. ThanOi of 
R.C.A., Somerville. N. J. 


The modification, together with a list 
of the parts required, is shown in 
Figure l. 


Increasing Sensitivity 

When die signal level to che bridge 
is reduced for special applications, as 
described above, increased detector sensi- 
tivity is often desirable. The sensitivity 
of the 2 50- A may be significantly in- 
creased by modifying the instrument as 
shown in Figure 2. L The signal from LF 
amplifier V202(6AG5) is connected to 
a jack at the tear of the 250-A cabinet. 
A VTVM, connected to this jack, ampli- 
fies che signal and serves as a null indica- 
tor which lias improved sensitivity over 
the null indicator on rhe front panel of 
the 250-A. This improves the resolution 
of die Cj, and R t , dials and also results 
in improved resolution of the R,, or 
parameter which is occasionally rhe 
minor impedance in a measurement. 
(Minor impedance is defined as (bar im- 
pedance which contributes least to the 
amplitude and phase of che current in 
an RP circuit.) 


MOUNT CLOSE TO 
]F transformer 



STO. JACK 
MOUNT ON 
REAR OF 250-A 
CABINET 




V202 

6AG5 


VTVM 

(H-P 4000 
OR EQUIV) 


MODIFICATION SHOWN 
IN HEAVY LINES 


Figure 2. Modification tor Increased Sensitivity 


For best results, and to obtain opti- 
mum sensitivity, It is necessary to select 
mixer tube V101 (6AB4) for minimum 
noise deflection ( preferably less than 
one division on che VTVM). 


+ 


BRC DEDICATES NEW PLANT 

Friday, October 20, 1961 was a per- 
fect day for the dedication of the new 
BRC plant. Nesrled in the Rockaway 
Valley, against a backdrop of high hills 
ablaze with autumn-painted trees, rhe 
new plant was rhe center of scenic 
splendor. 

On hand for the dedication ceremony 
were BRC employees; friends and busi- 
ness associates of BRC; members of rhe 
local, county, and state government; and 
executives from the Hewlert-Packard 
(BRC’s parent company) family. 

The dedication ceremony was presided 
ovex by Dr George Downsbrough. Presi- 
dent of BRC. Guest speaker was Mr. 
David Packard, President of Hewlett- 
Packard. Mr. A. R. Post, Chief, Bureau 
of Commerce for the State of New 
Jersey, delivered a message of congratula- 
tions from rhe Governor of New Jersey. 

A "ribbon-curting" ceremony was held 
at the main entrance to the new plant, 
with cutting honors going to Mr. John 
Vandermark, Mayor of Rockaway 
Township. 


V 



Mr. John Vandomtarft f Mayor of Rockaway 
Township, N. J., cots //bfaon to officially open 
the new BRC plont Of 
Or. George A t Dov/nsb/ougb and 
Mr. David Packard look on. 

CORRECTION 

The vector diagram and accompanying 
equation in Figure 2 of rhe article en- 
titled, “A Modulator for the New FM 
Stereo System,' published in Notebook 
Number 30, are nor correct. The correct 
diagram and equation arc given below. 
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EDITOR'S NOTE 

BRC to Show Four New 
Instruments at IRE 
(VISIT BOOTHS 3 TOT -3102) 


This year, nr the IRE show* BRC will 
show four new instruments: the new 
Types 202-H and 202^J FM-AM Signal 
Generators* the new Type 230-A Signal 
Generator Power Amplifier, and the new 
Type 219'A FM Stereo Modularor, 

The Type 202-H signal generator 
covers the frequency range of 54 to 2 16 
Me and replaces the Type 202-E. The 
202-) blankets the 195 to 270 Me tele- 
metering range and replaces the 202 -G. 
Improvements in these instruments in- 
clude: improved FM linearity, aucomaric 
RF level set, electronic vernier tumqg, 
increased FM modulation bandwidth, 
improved FM deviation metering, re- 
duced FM microphonism* a completely 


solid-state power supply, and a com- 
pletely redesigned cabinet. 

The 2 30 -A Signal Generator Power 
Amplifier provides a means of increas- 
ing the RF power outpur of conventional 
signal generators up to A wares or +6 
dbw ( \4 volts rms into 50 ohms), in the 
frequency range of 10 to 500 Me 

The 2 L9-A FM Stereo Modulator pro- 
vides the stereo modulation outputs, as 
specified in FCC Docket 13506, suitable 
for modulating FM signal generators, 
such aj the BRC Type 202-E or 202-H. 

A "Guess the Q" coruesc, which seems 
to have become traditional with BRC, 
will be a feature at the BRC booth again 
this year. Our engineers have been hard 
at work devising a "guess-defying" Q 


circuit thar should be a delight and a 
challenge to booth visitors. 

Visir booths numbers 3101 and 3102. 
See and hear more about our new instru- 
ments, and have the BRC engineers on 
duty help you with your test instrument 
application problems. 



Photograph taken of o prev ioos IRE show 
demonstrates that the BftC ''mystery toils" put 
all of the Q contest entrants in a pensive mood. 
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S. STERLING COMPANY 
15310 W. McNItholi Rd. 
Telephone: BRaadway 3-2900 
TWX: DE ] 141 

EL PASO, Texas 

EARL LIPSCOMB ASSOCIATES 
720 Nor ill Stanton Streei 
Telephone: XEytlone 2-7281 

HARTFORD, Connecticut 
INSTRUMENT ASSOCIATES 
734 Aiylum Avenue 
Telephone: CHapol 4-5484 
TWX: HF 244 

HIGH POINT, North Carolina 
BIVINS & CALDWELL, INC- 
1923 North Main Street 
Telephone L High Point BB2-4B73 
TWX: HIGH POINT NC 454 

HOUSTON S, Texas 

EARL LIPSCOMB ASSOCIATES 
3825 Richmond Avenue 
Telephone: MOhawk 7-2407 
TWX; HO 947 

HUN7SVULE, Alabama 
BIVINS & CALDWELL, INC. 
Telephone: 534-5733 
{Direct line to At I an to! 

INDIANAPOLIS 5, Indiana 
CROSSLEY ASSOC-, INC. 

3919 Meadows Drive 
Telephone: Llbeny 6-4891 
TWXt JP 545 

LAS CRL/CES, New- Mexico 
NEELY ENTERPRISES 
1 14 South Water Street 
Te fep hone: 526-2484 
TWX: LAS CRUCES WM 5851 


TWx. N-MOL 7133 

ORLANOO, Florida 

BIVINS 6 CALDWELL, INC, 

P.O. Box 6941 
601 N, Fern Creek Drive 
Telephone: CHerry 1-1091 
TWX: OR 7026 

OTTAWA 4, OniariOy Canada 

BAYLY ENGINEERING, LTD. 

80 Argyle Ave. 

Telephone: CEnirol 2-9621 
PHOENIX , Arizona 
NEELY ENTERPRISES 
641 Eait Missouri Avenue 
Telephone: C Rest wood 4-5431 
TWX: PX 483 

PITTSBURGH 27, Pennsylvania 
S. STERLING COMPANY 
4232 Brownsville Rood 
Telephone: TUxedo 4-5515 
PORTLAND 9, Oregon 
ARVA. INC. 

1238 N.W. GKsen Street 
Telephone: CApHol 2-7337 
RICHMOND 30, Virginia 
BIVINS 4 CALDWELL, INC. 

1219 High Point Avenue 
Telephone: ELgfn 5-7931 
TWX: RH 584 

AOCHESTf* 25, New York 

E. A. OSSMANN 4 ASSOC., INC. 
830 Linden Avenue 
Telephone: LUdlow 4-4940 
TWX: RO 189 

Sacramento, California 

NEELY ENTERPRISES 
1317 Fifteenth Street 
Telephone: Gilbert 2-8901 
TWX: SC 124 

SAIT LAKE CITY IS, Utah 
LAHANA 8 COMPANY 
1482 Major Street 
Telephone: HUnter 6-8144 
TWX: SU 586 


SAN DlfGO, California 
NEELY ENTERPRISES 
1055 Shaffer Street 
Telephone: ACodemy 3-8)03 
TWX: $D 4315 

SAN FRANCISCO , California 
NEELY ENTERPRISES 
501 Lourel Street 
Son Carlos, Californio 
Telephone: LYtell 1-2626 
TWX: S CAR- BEL 94 

SSAT7LF 9, Was-fj/ngton 
ARVA, INC. 

1320 Prosped Street 
Telephone: MAin 2-0177 

SPOKANE 10, Washington 
ARVA, INC. 

East 127 Augusta Avenue 
Telephone: FAhTax 5-2557 

ST. PAUL Id, Minnesota 
CROSSLEY ASSOC,, INC. 

B42 Raymond Avenue 
Telephonet Midway 6-7681 
TWX: ST P H81 

SYRACUSE, Now York 

E. A. OSSMAN 8 ASSOCIATES, INC. 
P. O. Bax 128 
101 Pickard Drive 
Telephone: GLenview 4-2462 
TWX: SS 355 

TORONTO, Ontario, Canada 
BAYLY ENGINEERING, LTD. 

Hunt Street, Ajax, Ontario, Canado 
Telephone: Afox, WHifeholl 2-1020 
{Toronto) 925-2126 

TUSCON, Arizona 
NEELY ENTERPRISES 
232 Saulh Tuscan Blvd. 

Telephone: MAFn 3-2564 
TWX: TS 5981 

VANCOUVfft 9, B. C. Canada 
ARVA, INC. 

1424 We*t 3rd Avonue 
Telephone: REgent 6-6377 
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APPLICATIONS OF THE 
SIGNAL GENERATOR POWER AMPLIFIER 

CHARLES W. QUINN, Sales 'Engineer 



Figure f. Type 230A Signal Generator Power Amplifier 


INTRODUCTION 

At first glance the application of an 
RF Power Amplifier appears limited or 
obvious. While there are obvious uses, 
there are many applications which are 
not apparent. It is the purpose of this 
article to enumerate and discuss both 
application categories. The specific re- 
quirements for the tests to be described 
are as many and as varied as the systems 
involved. For this reason, this article 
will be limited to a general description 
and/or example of each test. Detailed 
information on radio receiver tests may 
be found in References 1 and 2, at the 
end of the article Procedures for radio 
frequency interference ( RF1 ) testing are 
given in References 3 and 4. Before 
dealing directly with applications, let us 
look at the specifications of the Type 
230A Signal Generator Power Amplifier 
(Figure 1) and clarify them where 
necessary. 

SPECIFICATIONS 

RADIO FREQUENCY CHARACTERISTICS 
RF RANGE 

Tcrtal Range; >0 to SCO me 
No. Band*: 6 

Eland Rangai: 10-18.5 me 65-125 me 

IS. 5-35 me 125-250 me 

35-65 me 250 ‘500 me 

RF Cal lb ration; Increments of approximately 10%, 
accurate Jo ±10% 

RF OUTPUT 

Range; Up tolivaltj*. ‘Acros* external 50 ohm load 
Range; Up to 15 volts* 

'Across extemol 50 ohm Toad 
Calibration; 0.2 to 3 volts f.s; 

Increments of approx 5% 

1.0 to 10 volts t J; 
increments of approx 5% 

2.0 la 30 volts F.i; 
increments of approx 5% 

Accuracy: ±l.0db of f.*. (10-250mc) 

±1.5db of f.s, (250'500mc) 


YOU WILL FIND. . . 

Appficot/Ofij of the Signal Generate r 


Power Amplifier 1 

Using the FM Stereo Modulator 5 
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Leakage; Sufficiently low to permit measurement* 
at 0.1 volts. 

RF Bandwidth:' > 700kc (70-I50mc) 

> 1 Amc <150-500mc) 

'Frequency interval between paints 
3db down from max. response. 

RF INPUT 

Level: ^ 0.315 volts' (30db gain) (10-125mc) 

0.446 volts* (27dh gain fl25-250m<1 

^ 0.630 volts* (24db gain) (250-500mc) 

'for 10 volts output Into 50 ohms 

Impedance; 50 ohms 

AMPLITUDE MODULATION CHARACTERISTICS 

AM RANGE: Reproduces modulation of driving 

signal general or 0-1 00% * 

AM DISTORTION: <)0% added to distortion of 
driving Signol Generators* 

*Up to 5 volt mox. carrier output for up to 
100% AM 

FREQUENCY MODULATION CHARACTERISTICS 

FM RANGE: Reproduces modulation of driving 

Signal Generator except os limited by tho RF 
bandwidth. 

INCIDENTAL AM; <10%* added to modulation of 
driving Signal Generator 
'At 150icc deviation. 

FM DISTORTION; Negligible distortion added to 
distortion of driving Signal Generator for devia- 
tions and modulation frequencies <150kc. 

PHYSICAL CHARACTERISTICS 

MOUNTING] Cabinet for bench use/ by removal of 
extruded .strips suhoble for 12-Inch rack mounting. 

FJNI5H; Gray wrinkle, engraved panel (other fin- 
ishes available on special order). 

DIMENSIONS] Height — 7-3/16" 

Widlh — 12-1/2" 

Depth — 17-1 1/16" 

WEIGHT; Net: 37 lbs. 

Gross Export: 75 lbs- 
Gross Domestic: 45 lbs. 

Legal Export; 43 lbs. 

POWER REQUIREMENTS 

230-A: 105- 125/2 10-250 volt*, 50— 60cps, V50 wofti. 


SIGNAL SOURCES 

Virtually any signal source, within the 
frequency range of the 230A, coay be 
used The obvious sources are signal 
generators such as the BRC 22 5 A gen- 
eral purpose signal generator, the 202 
series FM-AM signal generators, and 
the 211 A and 232A Navigation Aid 
signal generators. Not so obvious, but 
nevertheless convenient signal sources, 
are the 260A and 2 80 A Q Meters, the 
2 50 A RX Merer, crystal oscillators, etc 

AMPLIFIER, RECEIVER, AND 
SYSTEM TESTING 

Amplifier, receiver, or system testing 
may take many forms. A few of these 
tests are: 

1. Overload tests- 

2. AGC characteristics. 

3- Skirt selectivity. 

4. Adjacent channel desensitization. 

5- Cross modulation and Lncermodula- 
cion. 

6. Image and IF rejection. 

Connections for tests 1, 2, 3, and 
6 are shown in Figure 2. 

Overload Tests 

Overload tests are made to determine 
cbe input level at which the output of 
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Figure 3. Connections for Desensstlzatlan Jos* 



Figure 2, Setup for Receiver Testing 


che unit under cest deparrs from a speci- 
fied characteristic; Le., linear, log-linear, 
etc., by a specified tolerance. Overload 
tests are usually made on circuits wich 
active dements and are not restricted to 
the conventional superheterodyne re- 
ceiver. Single frequency and broadband 
amplifiers are also tesred for overload. 

The output of the unit under test may 
be the iopuc signai amplified, or the 
demodulated output (AM, FM pulse, 
etc,), or a voltage or current propor- 
tional to input, (aoalog digital, dc, etc.) . 

AGC Characteristics 

AGC (automatic gain control) char- 
acter is tics are measured or determined 
by measuring the relationship between 
RF input voltage and the dc voltage bias 
developed by the AGC detector. It is 
ofren desirable to determine the RF level 
which will override the AGC and cause 
blocking and/or distortion. This level is 
often much higher chan 500,000 micro- 
volts in well-designed systems. See Ref- 
erence I for measurement derails. 

Skirt Selectivity 

Skin selectivity testing of a communi- 
cations system requires that che per- 
formance of the frequency selective cir- 
cuits be determined at a frequency con- 
siderably removed from the desired 
frequency, or co rhe 4 skirts" of che 
resonance curve, where attenuation is at 
a very high value. Typical values gre 2 
to 5 voIls for attenuation figures of 80 
to 120 db, Io this cest, one must be ever 
cautious of the possibility of overload 
occurring before the desired point on rhe 
skirt is reached. In AM systems, an in- 
crease in distortion indicates that over- 
loading has taken place and limits the 
extent of the "skirt” measurement. 2 

Adjacent Channel 
Desensitization Test 

Most communication centers transmit 
on many channels simultaneously. Usu- 
ally, a given receiver wjl) be in contact 
with signals of less than 100 microvolts 
in strength, while one or more trans- 
mi rrers in the same room are operating 
at a frequency only a few channels from 
the receiver frequency. The receiver 
must not, therefore, be affected by strong 
signals in adjacent channels. It is for 


this reason that desensitization character- 
istics are specified by communication 
system designers, and that desens irizari on 
rests are made. 

Desensitization tests are made by con- 
necting rhe equipment as shown in Fig- 
ure 3. Signal generator #1 is set to give 
a convenient metered detector level 
(sometimes specified for a given sys- 
tem). This is the "desired signal” on 
channel. Using signal generator #2 in 
conjunction with the 230A Power Am- 
plifier, the adjacent channel level is 
raised until the detector level is reduced 
by a specific amount (usually 3 db). 
The reading on the 230A voltmeter is 
twice the voltage required for "desensi- 
tizarion ” 

Cross Modulation and 
Intermodulation 

Cross modulation and intermodulation 
tests are made on systems which are in- 
herently very linear. Intermodulation 
tests are performed by supplying two 
or more signals to a system and measur- 
ing the resultant spurious products. For 
example, two 1 5 -Me signals, spaced 1 kc 
apart, will produce a spectrum (Figure 
4) which Can be analyzed to determine 
the amount of i n ter modular ion, 

There are two approaches to rh is test 
depending upon die amount of inter- 
modulation expected. If the expected in- 
cermodulation is greater than 2%, a 
single 2 30 A amplifier may be used; con- 
nected as shown in Figure 5. 

Typical intermodulation performance 
data, taken with che 230A connected as 
in Figure 5, is given in the table in 
Figure 6. The cest unit was replaced by 
a 50-ohm termination aod measurements 
were made at 1 5 Me 

The data in Figure 6 is indicative of 
the intermodulation present in the 2 30 A 
Power Amplifier and expresses its lim- 


its for given output levels. Column 
"Va/Vo shows the value of the rms 
amplitude of each signal. Column "V T M 
shows the meter indication when both 
signals are applied- The ”db“ column 
indicates the level of the. highest spurious 
signal produced. Ir is the "db” column 
which is most significant. For instance, a 
figure of 46 db is typical of a 0.5% 
produce; consequently, system intermod- 
ulation products of less rhan this figure 
will have little or no significance. Actu- 
ally, any change in the spurious output 
detected, when using a passive linear 
termination, indicates a departure from 
linearity or phase shift. However, evalu- 
ation of absolute value is impractical. 

Til ere is another approach to the 
measurement of small amounrs of inter- 
modulation, which, while not tested to 
date, theoretically should extend this 
measurement to another order of mag- 
nitude. The connections for rhj's tech- 
nique are shown in Figure 7. (The 
meter switch is set to the "off" position 
for this application.) 



Figure 4. Spectrum for Analyzing Amount of 
Intermodulation 


This system virtually eliminates the 
intermodulation products present or gen- 
erated in the driver stages of the 2 30 A 
Power Amplifier. It also reduces che 
nonlinear effects of the dynamic place 
resistance of the output stage by loading 
it wich considerable linear, passive re- 
sistance. It is estimated that a 10 db 
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Figure 5. Connertiom for Checking More than 2% IntermcduIat\on 


RF Voltmeter Calibration 


coupling attenuator will be a good factor 
for Vt/V* values of 1 to 3 volts. Inter - 
rnodularion of 50 to 60 db should be ob- 
tainable using this technique. 

For cross modulation tests, two signals 
are required; connected as shown in 
Figure 3- Signal generator #1 is set to a 
prescribed RF level (Ei and percent 
modulation) depending upon the system 
being tested. The demodulated output is 
noted. Signal generator #2 and the 2 30 A 
Power Amplifier ate then connected and 
set on an adjacent channel in accordance 
with the specific test ro be made. Signal 
generator #2 is modulated in the same 
manner as signal generator #1, which 
is now set for CW or unmodulated op- 
eration. The output (E 2 ) from the 230A 
is increased until the demodulated out- 
put equals that noted previously. 

The cross modulation performance 
may chen be calculated as follows: 
C m = 20 log E 2 / Ei. 

It should be observed that the de- 
modulated output falls off when Ej 
only is removed. 

Image and IF Rejection Tests 

Using the 230A Power Amplifier, IF 
rejection tests are made on receivers 
where this rejection is extremely high 
(in the order of 100 db or more). The 
image frequency ( Fj ) is that frequency 
which is twice the intermediate fre- 
quency (IF) away from the desired 
signal frequency (F 0 ), in the same direc- 
tion as the local oscillator (Fi 0 ). See 
Figure 8. 

IF rejection is made at the intermedi- 
ate frequency by driving into the re- 
ceiver front end. This attenuation level is 


V 1 /V 2 

Vt 

db 

1 V 

1.7 V 

-48 

2 v 

3.5 v 

-46 

3 v 

5.6 v 

-33 

5 v 

8 -7 v 

-24 

7v 

1 1.6 v 

-22 


Figure 6. Typical Intermodulation Present 
In Type 2 SOA 


usually much higher than image rejec- 
tion; so that even less sophisticated re- 
ceivers may require use of rhe 2 30 A 
Power Amplifier. 

In AM systems, an increase in dis- 
tortion indicates char overloading has 
taken place, 

RF Wattmeter Calibration 

RF wattmeter calibration is accom- 
plished by using a standard signal gen- 
erator in conjunction with the 230A 
Power Amplifier as a power source. 


The procedure for RF voltmeter cali- 
bration is somewhat different than for 
wattmeter calibration, since rbe volt- 
meter is usually a relatively high im- 
pedance device. The Narional Bureau of 
Standards has developed an A-T ( Atten- 
uator-Thermocouple) rype standard RF 
voltmeter which may be used for this 
application. This instrument is a stand- 
ard for RF voltages from 1 to 300 volts 
at 10 to 1000 Me. The output voltage 
of rhe 2 30 A amplifier is a function of 
loading and can be increased many fold 
over the 50 -ohm value. Experiments to 
date, using line stretchers, stub tuners, 
and resonant transformers, indicate that 
voltages from 60 to 100 volts may be 
developed for voltmeter calibration and 
other applications requiring large signal 
levels. 

COMPONENT TESTING 

Component resting usually takes the 
form of a breakdown or parameter 
change which can be checked after sub- 



figure 7. Connection* for Checking 5ma/J Amounts o t JniermorfoJolion 
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Figure 0. tmage Frequency 


jeering die component ro higher voltage 
or power stresses than are normally en- 
countered in standard tests. Chokes, re- 
sistors, and capacitors are examples of 
such passive components. For example, 
in an actual test, a small 7.5juh choke 
subjected to 100 volts RF at 20 Me, 
exhibited no change in Q or L after test- 
ing. It would be safe to conclude, there- 
fore, that these chokes could be used up 
to this level. This application could also 
be extended to active components, 

Diode rectification efficiency can be 
determined with the setup shown in 
Figure 9 ■ The gain of power transistor 
circuits can be determined in a similar 
fashion, since the voltages are measure- 
able with existing RF voltmeters. Cir- 
cuits requiring high voltages; such as 
discriminators, limiters, power ampli- 
fiers, etc., may be supplied by the 2 30 A. 
This is sometimes called "down-stage" 
testing. 


HIGH LEVEL DRIVER 

As a high level driver, the 230A can 
be used to power bridges and slotted 
lines to Improve the resolution and ac- 
curacy of these measurements. Com- 
puters that require high level signals 
sources for synchronizing purposes at 
moderately high frequencies may also 
be driven by the 2 30 A Power Amplifier. 


ANTENNA TESTING 

The 230A is capable of supplying 
moderate power for antenna measure- 
ments, while, at the same time, providing 
relatively small leakage from the Power 
Amplifier itself. This feature permits 
two antennas to be closer together, 
thereby shortening the range required. 


ATTENUATION MEASUREMENTS 

Using the 2 30 A Power Amplifier and 
ao RF millivolt meter, attenuation meas- 
urements cao be made in rhe order of 
80 db. The 230A provides an additional 
28 to 40 db of gain or signal level (as- 
suming the circuit being measured will 
permit the high voltage) to add to the 
existing measuring system in the field of 
attenuation measurements. Filters, long 
transmission lines, etc, can be tested in 
this manner. 

LOW LEVEL AMPLIFIER 

As a low level amplifier, the 230A 
can be used to amplify small signals, such 
as a crystal s pea rum at a given fre- 
quency, for frequency drift measure- 
ments. 

\ ■ 


no a 
tower 
amplifier 


figure 9. Connections for Checking £>/oef© 
Rectification Efficiency 

FREQUENCY MULTIPLYING 

A number of approaches to this ap- 
plication are possible. First, it is possible 
to amplify the harmonics present in the 
input signal. The output under these 
conditions is in the order of 0.2 to 0.3 
volts, with 0.2 volts of fundamental 
input. Another approach is to use a 
semiconductor harmonic generator to 
augment the harmonics present in the 
input signal. This technique yields sev- 
eral volts output, depending upon the 
Input levels available. If sufficient input 
is available, the 230A input stage may 
be overdriven and the attendant dis- 
tortion will produce higher harmonic 
levels. Approximately 1 to 2 volts may 
be expected for inputs of the order of 
1 volt. Crystal frequency synthesizer 
output may be multiplied as many as 
ten times, extending the usefulness of 
these units to the UHF range. 

RADIO INTERFERENCE TESTING 

Other applications of che 2 30 A Power 
Amplifier are found in the Radio Fre- 
quency Interference (RFI) field of 
measurements. 

Screen Room Testing 

Screen rooms are used to reduce RFI 
in cases where equipment being tested, 
or operated, is capable of causing RFI, 
or is sensitive to RFI. The screen room, 
in either case, must provide a prescribed 



amount of attenuation; usually in the 
order of 100 db or more. 

A method for testing screen rooms is 
described in Military Specif jeation, MIL- 
E-4957 -A (ASG). This method has be- 
come general practice. The specification 
includes a test at 400 Me; a frequency 
chat has proved to be rather critical, re- 
gardless of room size. 

In general, the procedure for making 
this 400 Me test is as follows (Figure 
10). Firsr, a dear channel at approxi- 
mately 400 Me should be selected by 
listening with che field intensity meas- 
uring oc receiving equipment antenna, 
outside the shield room. The antenna is 
placed a few inches from che outside of 
the screen room to be tested, several feet 
from che transmitting antenna. If the 
receiving equipment has a calibrated 
attenuator system, the signal generator 
and Power Amplifier may be operated at 
full output, and the attenuator set to 
give a convenient meter reading on the 
receiving equipment. Alternatively, the 
receiving equipment can be set to high 
sensitivity and the signal generator level 
adjusted to produce a convenient meter 
reading. The receiving antenna is then 
moved inside the screen room and placed 
within a few inches of the wall being 
tested. With full output from the 230A, 
che receiving antenna is used as a probe, 
along the seams, etc., and the point of 
maximum leakage is determined. The 
appropriate attenuator setting is read as 
che shielding attenuation figure. The 
procedure is repeated for the other walls 
of che screen room. 


POSITION 'fl* 



Figure JO. Setup for Screen Room TesfJng 


A paper 5 was given at the 1961 IRE 
Convention in New York which de- 
scribed another approach for measuring 
shielding performance at critical fre- 
quencies. One of these frequencies is 
the frequency (f 6 ) ac which die screen 
room is resonant; usually between 50 
and 200 MC The frequency (f p ) can be 
readily deteaed using a grid-dip merer 
technique. The- procedure, described in 
the IRE paper, for making the attenua- 
tion measurement is basically the same 
as previously described except that the; 
measurement is made at the cencer of 
the screen room. 
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Other RFI Applications 

Other RFI applications include pow- 
ering of probes, loops* etc* for the test- 
ing of filters, shielded cables 8 , and small 
compartments. It is also possible to con- 
duct "Standard Susceptibility to Radia- 
tion Tests/ 4 The output of the 230A 
Power Amplifier is sufficient to set up 
standard field intensities of greater than 
1 volt per meter throughout most of the 
frequency range. 


Additional Performance Data 

The following performance data has 
been taken on the 230A, and, while not 
incorporated into the specifications* is 
considered typical of production units. 
Noise Figure — Approximately 8 db* or 


about 4 microvolts per Kc of bandwidth. 
Power Output — It has been found that 
if enough drive is available, the 230 A 
may produce as much as 1 6 watts for 
short periods of rime without damage 
at some frequencies. 

Conclusion 

We have presented here many of the 
applications of the 230A Power Ampli- 
fier. Even at this writing, additional ap- 
plications are in the making. These will 
be taken up in subsequent issues of the 
Notebook, as the details become known. 

The author wishes to thank Mr. Fritz 
Popper of Shielding* Inc., Messrs. Sidney 
White and Guy Johnson of USASRDL, 
and the BRC Engineering Staff for their 
commencs and assistance given during 
the preparation of this article. 
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Using the FM Stereo Modulator 
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Figure 1. Typo 21 9 A FM Stereo Modulator 


INTRODUCTION 

With the approval of an FM Stereo 
broadcast system by the FCC on April 
20 f 1961* as specified in FCC Docket 
13506* BRC designed and made avail- 
able rhe Type 219A FM Stereo Modu- 
lator* a stable* easy to use, compact, 
economical source of the multiplex sig- 
nal for use with FM Signal Generators, 
or for direct use with receiving multi- 
plex adapters. Complete details of the 
basic design and circuitry of the Modu- 
lator may be found in Notebook No. 
30. The purpose of this article is to 
describe the various tests which may be 
performed with this new instrument. 

AREAS OF APPLICATION 

The Type 219A FM Stereo Modulator 
finds application in rhe design, produc- 
tion testing* and servicing of FM multi- 
plex receivers and adapters. The ex- 
treme versatility of the instrument in 
providing both standard and non-scand- 
^ ard signal outputs make it ideal for 
laboratory use. The reliable, compact 
design* and rhe relatively high available 
output, permitting the operation of sev- 
eral test stations from a single modula- 
tor, make it well suited for production 
line applications. The functional con- 
trols and convenient output meter fulfill 
the requirements of service applications. 


METHODS OF OPERATION 

The Type 219A FM Stereo Modulator 
generates the complete multiplex signal, 
consisting of(L + R),(L — R)* and 
19 KC pilot and may be externally fed 
wirh an SC A sub -carrier. Employing 
either the internal 1 KC oscillator or 
an external tone or program source, the 
output may be used directly for the 
testing of multiplex adapters or other 
base-band circuitry in the 50 cps — 
70 KC range. 

Alternatively* rhe output of the mod- 
ulator may be used to modulate a suit- 
able FM Signal Generator* such as the 
BRC 202E or 202H* to provide a com- 
plete multiplex signal at RF, simulating 
transmissions in the 88-108 MC broad- 
cast band. The Type 519A Adapter 
provides a convenient means of inter- 
connecting rhese instruments and per- 
mits use of the modulating oscillator in 


the 202E/H as an audio tone source 
to accomplish fidelity and distortion 
measurements from 50 cps to 15 KC 
without an external audio oscillator. The 
"set” position on the 219A output mode 
switch permits convenient setring of 
FM deviation on the signal generator to 
equate 100% multiplex output to 75 
KC deviation. 

DEFINITION OF TESTS 

Essentially* there are four basic rests 
which may be performed with the Type 
219A FM Stereo Modulator alone or 
in combination with a suitable FM Sig- 
nal Generator. 

T. Stereophonic or Channel 
Separation 

Stereophonic or channel separation* 
usually expressed in db* is the ratio of 
the signal output from an excited 
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channel (L or R) to the residual or 
undesired output present on the non- 
exciced channel (R or L). 

2 . (L -h R) — (L — R) Crosstalk 

(L + R) — (L — R) Crosstalk is 
che residual ox undestred (L + R) or 
(L — R) output when either L — R 
or L — — R, respect! vely, in the multi- 
plex signal 

3. Electrical Fidelity and Distortion 

Electrical fidelity and distortion are 
measured convene iooaily on both (L) 
and (R) channels over the audio fre- 
quency range from 50 cps to 15 KC. 

4. Non-Standard Signal Makeup 

Non-standard signal makeup involves 
che setting of (L + R), (L — R), 
and/or 19 KC pilot levels over a range 
simulating the effects of propagation; 
eg., multipath transmission. 

TEST SETUPS AND 
INTERCONNECTIONS 

Typical equipment setup and inter- 
connections for the tests, listed above, 
are shown in block diagram form in 
Figures 2 through 4. Figure 2 shows 
the connections for measuremeor of a 
multiplex adapter or base-band cir- 
cuitry of a receiver. Figure 3 shows the 
connections for measurement of an FM 
receiver and multiplex adapter (or mul- 
tiplex receiver). Figure 4 is esseoc/aliy 
identical to Figure 3 except that a dis- 
tortion analyzer, output meter, or other 
'suitable instrument is connected in 
place of the oscilloscope for tesring re- 
covered audio. 

AUXILIARY TEST EQUIPMENT 
REQUIREMENTS 

The approved srereo broadcasting 
system employs base -band frequencies 
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figure 2. Connections fo r Chocking Multiplex 
Adaptor 



Figure Connection* for Complete System Test 



Figure 4, Connections for Fidelity and Distortion 


over the range from 50 cps co 75 KC 
and it is essential that all auxiliary 
equipment have adequate bandpass ca- 
pabilities to handle the complex wave- 
forms with negligible time delay and 
ampheude variation over this range. A 
typical FM Signal Ge aerator must have 
adequate FM modulation bandwidth in 
terms of sufficiently constant amplitude 
response and time delay in order to 
maintain stereo separation and should, 
of course, introduce minimum ampli- 
tude distortion. 

While the levels of the various com- 
ponents of rhe multiplex signal can be 
readily and precisely adjusted using the 
peak reading output meter on the 
219A, an external oscilloscope is de- 
sirable to measure and interpret the 
performance of the receiver or adapter 
under rest. The oscilloscope used must 
possess minimum variation in ampli- 
tude response and linearity of phase vs. 


Figure 5. Waveform* 2J9A 


frequency within =±; from 50 cps 
to 70 KC. Figure 5 A shows a typical 
oscilloscope paccem for a properly bal- 
anced multiplex signal (without 19 KC 
pilot). The flat base line indicates am- 
plitude identity between (L + R) and 
(L — R) ; a small and tolerable amount 
of phase shift is indicated by the non- 
coincidence of che zero crossings on the 
base line. Figure 5B indicates amplitude 
unbalance (excess L — R) with ap- 
proximately the same phase shift pres- 
ent in Figure.5A.lt is important to note 
that this amplitude and phase shift, 
viewed on the oscilloscope, may be due 
to either improper adjustment of the 
219A (readily checker! on the output 
meter) or inadequate response char- 
acteristics of the oscilloscope. The peak 
voltmeter in che 219A may be relied on 
to indicate equality of L -j- R and 
L — R signal peak amplitudes to better 
chan ±.\%. 

OSCILLOSCOPE SYNCHRONIZATION 

The oscilloscope may be synchronized 
with either the audio tone input signal 
or the 19 KC pilot carrier, generated in 
the 219A. The audio sync signal should 
be obtained from the external tone 
source or the right (R) input terminals 
of the 219A if the internal 1 KC tone 
oscillator is used. The 19 KC sync 
signal is available directly from a jack 
on the rear of che 219A. When audio 
cone synchronization is employed, the 
oscilloscope pattern for die complete 
multiplex signal, including 19 KC pilot 
carrier, is shown in Figure 5 C- 

CHANNEL IDENTIFICATION 

It is often necessary to identify left 
(L) and right R) channels. While such 
identification can be made by observing 
the multiplex signal presentation with 
audio sync on an oscilloscope and ap- 
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plying the bask definitions in FCC 
Docket 13506, a far simpler and easier 
method is available. In this method, the 
multiplex signal is observed using the 
19 KC sync output of the 219A, phase - 
shifted 45°, on the external input of the 
oscilloscope as shown in Figure 6. The 
phase-shift network, including typical 
component values, is shown in Figure 
7, The oscilloscope patterns that will 
result from audio tone signals on either 
the right (R) or left (L) channel are 
shown in Figures 5Dand 5E. 



Figure 6, Connexions tor Channei id^ntiiicalfun 


MODULATOR BALANCE 

The 38 KC carrier, generated by the 
balanced modulator, must, of course, be 
properly suppressed and the 219A is 
specified to produce less than 0.5% of 
38 KC, when properly adjusted, com- 
pared to the level of the composite 
oucpuL Proper balance will produce the 
waveform shown in Figure 5A;the wave- 
form resulting from a grossly unbal- 
anced sub-carrier output is shown in 
Figure 5F. 

PHASING OF 19 KC AND 38 KC 
CARRIERS 

Proper phasing of the 19 KC pilor 
carrier and the 3S KC carrier, modu- 
lated by (L — R), is essential for 
proper demodulation in the receiver. 
This phasing in the 219A may be 
readily verified by observing oscillo- 
scope patterns of (L — R) and 19 KC 
pilot, employing the setup shown in 
Figure 6, except that the sync input of 
the scope is fed from the audio rone 
signal. A typical waveform with nearly 
correct phasing is shown in Figure 5G; 
the '‘diamond” pattern, in the center 
of the display, should be perfectly $ym- 
etrical. Incorrect phasing is shown in 
Figure 5H 



Figure 7. Phoie SFirf# Nefwo/fe 


TEST PROCEDURES 
Stereophonic or Channel Separation 

1. Adjust the 219A for standard mul- 
tiplex output with an audio tone signal 
of the desired frequency applied to 
either the left (L) or right (R) channel. 

2. Adjust frequency, modulation, and 
output of signal generator; also fre- 
quency and output of receiver. (This 
step is omitted if measurements are to 
be made directly at base-band, elimi- 
nating rhe signal generator). 

3. Adjust receiver stereophonic con- 
trols for maximum audio output from 
channel on which audio rme signal 
has been applied and minimum output 
from undesired channel. If receiver or 
adapter has not been previously aligned, 
also adjust matrix to optimize ihese 
conditions. 

4. Measure the audio output levels of 
the desired and undesired channels. 
Alternatively, the 219A audio tone 
modulating signal may be reversed to 
[he opposite channel, thereby permit- 
ting reading of audio Output to be made 
on either channel individually. 

NOTES: (a) The receiver or 

adapter matrix and stereophonic 
balance controls are usually ad- 
jus red for optimum separation at 
) KC; measurements at other 
audio tone frequencies are then 
made without disturbing these 
settings. 

(b) Since the audio output of the 
receiver or adapter under test may 
include 19 KC and/or 38 KC 
component either low-pass filters 
( 15 KC cut-off) should be in- 
setted between the audio outputs 
and the indicating voltmeters or 
readout should be made on an 
oscilloscope, ignoring the 19 and 
38 KC components in the measure- 
ment. 

(L + R) — (L - R) Crosstalk 

1. Repeat steps L thru 3 under 
separation. 

2. Select L -|- R or L — R by means 
of the function switch and measure the 
undesired L -j- R or L — R output in 
the device under test. If a 19 KC pilot 
is required, cross-connect (parallel) the 
2 19A left (L) and right (R) inputs to 
obtain (L — R) null or, conversely, 
provide left (L) and right (R) inputs 
so that L = — R. providing (L -|- R) 
null. (If the 2I9A internal l KC oscil- 


lator is employed, switching may be 
conveniently performed by operating 
che matrix switch). 

3. Measure the undesired (L -f- R) 
or (L — R) output, respectively, in die 
receiver or adapter under test. 

NOTE: If an FM Signal Generator 
is employed for measurements 
through the RF section of a re- 
ceiver, crosstalk, prior to demodu- 
lation due to overload in rhe re- 
ceiver, may be detected by varying 
the RF output level of the signal 
generator. 

Electrical Fidelity and Distortion 

1. Repeat steps I thru 3 under 
separation. 

2. Measure the audio output level 
from the receiver or adapter at selected 
frequencies in che 50 cps to 15 KC 
range. 

3. Measure che distortion on the re- 
ceiver or adapter audio output at se- 
lected frequencies in che 50 cps to 15 
KC range. 

NOTE: The audio tone input co the 
2 L9A must be readjusted for stand- 
ard level at each test frequency. 

Non-Standard Signal Makeup 

Repeat steps L thru 3 under separa- 
tion, modifying the levels of 19 KC 
pilot carrier, (L + R), and (1 — R) 
co simulate che desired test condition. 

NOTE: Receivers and/or adapters, 

especially those employing phase - 
locked sub -carrier oscillators* should 
be tested at various levels of 19 
KC pilot carrier. 

CONCLUSION 

The Type 219A FM Stereo Modula- 
tor is an excellent source of FM stereo 
multiplex baseband signals for use with 
FM signal generators or for the direct use 
with receiving multiplex adapters. When 
used with the BRC Types 202 E or 
202H signal generators, the instru- 
ment provides modulated RF stereo 
multiplex signals which are of a ouality 
better than that specified by FCC. The 
versatility and reliability of che instru- 
ment, together with its compactness of 
design, relatively high available output, 
functional conctols, and convenient out- 
put merer, make it a valuable tool for 
use in the design, production testing, 
and servicing of FM multiplex receivers 
and adapters. 
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EDITOR'S NOTE 

Q Meter Winner 


The circuit displayed at the IRE show 
has been carefully measured on the Type 
2S0A UHF Q Meter and the Q is 1421. 
The winning estimate of 1450 was sub- 
mitted by Mr. Jan Solomon, Manage- 
ment Engineer with Federal Elecrric 
Corp., Paramos, N. J. Second, with an 
estimate of 1480, is Mr. B, Nohxe, an 
Engineer from Stockholm, Sweden. 

Q estimates in the contest ranged 
from 1 to more than 25,000, with 40 
persons guessing within 2% and 21 
persons guessing within 1 % of the 
measured Q. The distribution of esti- 
mates over the entire range of estimates 
is shown in the bar graph. 
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HEWLETT-PACKARD 
(CANADA) LTD. 

APPOINTED EXCLUSIVE 
CANADIAN REPRESENTATIVE 

BRC is pleased to announce the ap- 
pointment of Hewlett-Packard (Canada) 
Ltd., effective July 1, 1962, as our exclus- 
ive Canadian representative. With of- 
fices in Toronto, Ottawa, and Montreal, 
and warehouse facilities in Montreal, we 
are in a position to offer improved serv- 
ice to our many Canadian customers. Ad- 
dresses and telephone numbers of these 
new offices ate given on the back page 
of this issue. 
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INTRODUCTION 

It has been characteristic of rhe 
development of electronic systems and 
terminal equipment that effort has been 
continually devoted to methods of 
making the output of the equipment 
or system more faithfully reproduce 
the important characteristics of the i n- 
put. A major consideration of this na- 
ture has been improvement in the 
linearity of rhe transfer characteristics 
of devices, equipment, or systems 
While there are equipment and devices 
in which some function, ocher than a 
straight line, is wanted between the 
inpur and output, rhe straight line or 
linear relationship is by far the most 
common. There are several detailed 
motivations for this activity which have 
slightly different connotations in vari- 
ous fields of endeavor. However, it is 
possible to generalize on some of the 
factors that push development in the 
direction of improved linearity of trans- 
fer ch aracter is ric. In rhe fields of com- 
munication equipment development, ex- 
treme linearity did not become of major 
importance until these systems were 
directed toward more efficient use of 
the frequency spectrum. This frequently 
results Ln mulriple channel transmis- 
sion in which nonlinearity of rhe trans- 
fer characteristic causes unwanted cross- 
talk between the various channels. 

In recent rimes, rhe use of communi- 
cations rype systems for the transmission 
of scientific, commercial, and other 
forms of data has become common. 
Since rhe information being transmitted 
has other chan a subjective end result, 
die accuracy of data transmission is 
related to the linearity of the Transfer 
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characteristic. Even in the field of 
entertainment electronics, pressure for 
more faithful reproduction has been 
continuous. A recent development in 
this field A char of a system of FM 
Stereo Multiplex transmission, 12 has 
forced the manufacturers of FM trans- 
mitters and receivers for rhe enter- 
tainment field to improve chc linearity 
of their equipment to minimize cross- 
talk between the Monaural and Srereo 
channels of the system. One fact chat 
should be noted is rhat, because of chc 
different objectives and rhe different 
technologies which have developed 
around these objectives, the effects of 
nonlinearity in the transfer character- 
istic are described in many different 
terms. 

GENERAL COMMENTS ON 

NONLINEAR DISTORTION 

Before discussing the detailed tech- 
niques of measurement, it might be 
well to consider what we really mean 
by "nonlinearity”, and the distortion 
which results cherefrom. Nonlinearity, 
as used in this discussion, refers to that 
characteristic of a circuit which causes 
the output to be related to the input 


by other rhan a straight line function. 
As a result, the circuit may not be 
specified by linear differential equations 
with rime as rhe independent variable.* 
Many terms are used to describe 
distortion due to this concept of non- 
linearity. In order that we may clearly 
understand the problems, a few defini- 
tions will be resorted to. Nontine a r 
Distortion has been defined by the IRE 
Standards on Circuits as "Distortion 
caused by a deviation from a desired 
linear relationship between specified 
measures of the ourpur and input of 
a system." 

NOTE: The related measures need not 
be output and input values of the 
same quantity; e.g., in a linear de- 
tector^ the desired relation is between 
rhe ourpur signal volrage and the 
input modulation envelope" 

Other najues used ro describe the ef- 
fects of nonlinear djsrcvnion are Ampli- 
ttfde Distortion, Waveform- Amplitude 
Distortion, and Harmonic Distortion . 
In addition to these names, there are 
specific means of measuring non- 
linearity among which are Total Per- 
cent Harmonic Distortion and Inter- 
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modulation Distortion. It should be 
srressed, that while there may be dif- 
ferent names for the effects of non- 
linearity and many different standard 
ways of expressing the effects numer- 
ically, all of these related types of dis- 
tortion stem' from the same nonlinearity 
of the transfer characteristic as discussed 
above. 

The casual reader of papers on dis- 
tortion in the field of sound reproduc- 
tion, may be left with the feeling char, 
somehow, there is a large difference 
berween intermodulation distortion 
(IM) and total percent harmonic dis- 
tortion (HD). While there may be 
advantages in one system of measure- 
ment or rhe other, when it is desired 
to relate the numerical result of the 
measurement ro rhe subjective response 
of che listener, it should be remem- 
bered char finite results in either an 
IM or HD measurement occur due to 
nonlinearity of the transfer character- 
istic, and measurement by either method 
may be analytically related for any 
specific shape of curve. Further dis- 
cussion of this may be found in Ref- 
erence 4, 

A related case occurs in the meas- 
urement of deviation from a frequency 
modulated source by zero bearing an- 
other RF source with the peak excur- 
sions of rhe FM carrier. Then, rhe 
frequency of this source, for zero beat 
wirh the upper and lower FM excur- 
sions, is measured and compared with 
the unmodulated FM carrier. Equality 
of these differences has sometimes been 
taken as evidence of good lineariry. 
That this is not so, can be seen in 
Figure 1. Since voltages V , and V ; * have 
been chosen equal and opposite, and 
the resulting frequencies, f t and f ;t , 
are equidistanr from rhe origin, the 
condirion of che beat frequency meas- 
urement is described. However, the 
transfer characteristic shown is any- 
thing but linear. It is true, chough, rhat 
rhe symmetry about the unmdoulated 
carrier, so measured, indicates a predom- 


inance of odd -order harmonic distortion. 
Asymmetry about the unmodulated 
Cartier is a strong indication of even- 
order distortion. 


Many observers have commented on 
this so called "FM carrier shift" or dif- 
ference m frequency between the average 
carrier frequency ( when modulated ) 
and the unmodulated carrier This is 
due ro rhe "DC" or constant term which 
appears in a Fourier expansion of 
rhe polynomial representation of a 
transfer function with even-order curva- 
ture (second harmonic or "squared" 
terms), and is a reliable indication of 
the presence of even-order harmonic 
distortion; usually second harmonic. 



Figure 7A. Undistort&d AN\ Sp^um 



FM SIGNAL GENERATOR 
MEASUREMENT 

In rhe development of the Type 
202 J and 202 H FM Signal Generators, 
Boonton Radio Company faced a spe- 
cific aspect of the nonlinearity problem. 
Since we were designing a linear fre- 
quency modulator, it was necessary rhu 
we be able to measure the transfer 
characteristic nonlinearity of this mod- 
ulator to a high degree of precision. 
An obvious way to accomplish this 
would be to measure the results of fre- 
quency modulation through a perfectly 
linear demodulator. However, it is 
somewhat difficult to produce the per- 
fect demodulator without having a per 
fecr modulator with which to meas 
ure it. Therefore, another method wa;> 
needed. Let us examine some common 
techniques. 

lo rhe simple case of amplitude mod- 
ulation, it is possible, by means of a 
suitable wave analyzer, co measure the 
frequency speerrum resulting from the 


modulation process. If the modulating 
signal is free of distortion and the mod- 
ulation process is perfectly linear, the 
resulting spectrum in the vicinity of the 
carrier will contain only the carrier and 
the two sidebands, separated from rhe 
carrier by the modulation frequency as 
seen in Figure 2A. If nonlinearity of 
the transfer characteristic exisrs, the re- 
sults may be as shown in Figure 2B. 
Here, che appearance of sidebands, sep- 
arated from the carrier by integral mul- 
tiples of the modulating frequency, is 
not only qualitative evidence of non- 
linear distortion, but affords a measure 
of this distortion if rhe amplitudes of 
all the sidebands relative to rhe car- 
rier are determined. 

In the FM case, for deviations and 
modulation frequencies for which the 
modulations indices, defined as 
peak deviation 

m = , 

modulating frequency 
are appreciably grearer than unity ( the 
usual case), the resulting frequency 
spectrum becomes exceedingly com- 
plex, even for au undistorted modula- 
tion process. 5 Jn the presence of non- 
linearity of the frequency modulator, 
the spectrum becomes even more com- 
plex; thus ruling out spectrum analy- 
sis as a simple means of measuring 
nonlinearity. 

A second method for measuring a 
frequency modulator transfer charac- 
teristic is possible, if the modulator is 
capable of operation ac dc This method 
consists of introducing a known incre- 
ment of modulating voltage and meas- 
uring the resulting frequency incre- 
ment. Its precision is limited by the 
stab ii try of the carrier frequency in 
rhe absence of modulation and rhe 
ability to read small increments in volt- 
age and frequency precisely. Modern 
measuring equipment has solved rhe 
latter rwo problems, but not the former. 

In addition to the matter of preci- 
sion, it was desired by BRC ro be able 
ro make adjustments on the frequency 
modularor for minimum nonlinearity as 
a result of an instantaneous display of 
nonlinearity of the frequency modu- 
lator. This same need is fell by de- 
signers and manufacturers of FM trans- 
mitters and receivers. 

DEVELOPMENT OF THE METHOD 

In order co best understand the method 
to be described, let us avoid specific 
numbers or ci raj its, and resort to a gen- 
era) discussion of a circuit which relates 
a change in voltage to a change in fre- 
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quency or vice versa. This covers the 
general case of frequency modulators 
and demodulators. Refereoce co Figure 1 
will show the transfer characteristic of 
such a circiiic. The horizontal axis rep- 
resents changes in voltage and the ver- 
tical axis changes jo frequency. .Either 
may be the independent variable for 
purposes of our discussion. Shown 
dotted is a reference straight line which 
passes through the origin, as does rhe 
arbitrary nonlinear curve. Our problem 
is to measure the departure of the ac- 
tual curve from the idea) straight line. 
A corollary to this problem is co define 
the initial relationship of rhe straight 
line to the actual curve. This may be 
done in several ways. It has been com- 
mon for people in rhe telemetry and 
data transmission field co be interested 
in the instantaneous departure of their 
actual transfer- characteristic from the 
ideal straight line. This stems' from 
their historical use of such characteris- 
tics to transmit simple analog informa- 
tion. Several ways have been used ro 
express this, but a common one is illus- 
trated in the performance specification 
of the BRC 202 J Telemetry Signal 
Generator. Here, rhe reference straight 
line chosen is that line for which the 
rros sum of the differences between the 
actual curve ordinates and the straight 
line ordinates is a minimum. Another 
method would be to have the average 
departure a minimum, or the peak de- 
p ami re a minimum. For small, (ow 
order, nonlineariries, rhere is little dif- 
ference between rhese cases. 

Figure 1 shows that one way to de- 
scribe rhe departure of the curve from 
the straight line is to measure a large 
number of individual ordinates of the 
acrual curve, subtract them from the 
ordinates of the straight line, and re- 
port the differences in tabular or curve 
form. This type of dara would result 
from a point -by- point measurement of 
the characteristic, using an electronic 
counter ro measure the frequency and 
a precision incremental voltmeter for 
the voltage axis. This technique is not 
instantaneous, even when automated, 
and yields more daca than can be con- 
veniently digested quickly. 

It is also evident in Figure l, that if 
the slope of the actual curve- could be 
compared, ac any point, with that of 
the straight line, a relationship cover- 
ing the oon linearity could be readily 
developed. Pursuing rbis line of reason- 
ing, it should be possible ro make an 
incremental measure of the slope of rhe 
curve by introducing a small amplitude 
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figure 2C. Flat of df/dV of Figure J 

sine wave of voltage, E, o> (if volrage 
were the desired independent variable) 
superimposed on a direct voltage. The 
direct voltage may then be varied. If 
the resu Icing frequency variation, due co 
die smaJl constant amplitude search voir- 
age Er a were measured at each value of 
V, and plotted as a function of V over 
the entire range of interest of the volt- 
age axis, a plot of the varying slope of 
rhe actual transfer characteristic would 
result. The extent to which this de- 
parts from the slope of the straight 
line, is a measure of the nonlinearity 
of the Transfer characteristic. This 
raerhod sounds relatively laborious, 
until it is realized that this can be done 
dynamically by allowing V ro vary over 
the desired dynamic range at a sinus- 
oidal rare, f«. The slope of the transfer 
characteristic can be plotted on an oscil- 
loscope by driving the vertical axis with 
an amplitude proportional to Af and 
the horizontal axis with a voltage pro- 
portional co V, and varying at rate f,. 

Let us now consider the case of a 
linear frequency modulator and fre* 
quency demodulator, to which we will 
apply rhe two test voltages, E^and V r<> 
with the understanding that V, t is of 


such magnitude as to sweep through 
the eorire dynamic range of interest 
and that is very much smaller than 
V f , typically ooe-tendi as great. This 
situation is shown in Figure 3. 

As might be expected, the output 
spectrum of the Linear demodulator 
driven by the linear modulator is simply 
Ef,, and V,^ with the amplitude rela- 
tionship established by the input. If 
we now further assume that the fre- 
quency modulator is linear, bur that 
the frequency demodulator is nonlinear 
(curve of the nature shown in Figure 
1), we realize chat if Ff^were ro be 
plotted as a function of V fv> wc would 
approximately plot the slope of the 
transfer characteristic being studied, 
namely, that of the assumed nonlinear 
demodulator. Therefore, we may write 

dt 

chat Af = (Er ), where df/dV 

dV 

is recognized as rhe slope of rhe trans- 
fer characteristic in Figure 1. 

Anorher view of the same phenom- 
ena is shown in Figure 3B. This shows 
the output spectrum of the nonlinear 
demodulator driven by the linear mod- 
ulator, and with rhe input as assumed 
previously. The output spectrum is now 
far more complicated rhan in the linear 
case (Figure 3A), consisting not only 
of V fjk and E,„, buc also of inregral mul- 
tiples wich decreasing amplitude of 
both ^ and f*, and sum and difference 
frequency terms resulting from the non- 
linearity of rhe transfer characteristic. 

Figure 3C shows the df/dV curve as 
determined by plotting rhe amplitude 
of Af from the demodulated output as 
a function of V^. This woi\ld be an 
accurate plot of the transfer character- 
istic slope if the magnitude of in 
the input were made vanishingly small 
compared to V, a . For the cases studied 
by the writer, rhis approximation is en- 
tirely satisfactory if V f /Er„ ^ 10. It 
should be emphasized that Figure 3C 
and die speerrum plot of Figure 3B 
conrain the same information concern- 
ing rhe transfer characteristic nonlinear- 
ity, but displayed in a different man- 
ner. The question now is, how may wc 
simply achieve such a display? 

The block diagram of Figure 4 shows 
rhe incroducrion of a bandpass filter 
which accepts f* and the significant 
sidebands about it due to f Mf and the 
display of the resulting carrier envelope 
on the vertical axis of an oscilloscope. 
The horizontal axis is driven by the 
initiating V r ^ from rhe input of the 
frequency modulator. Figure 5 shows a 
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figure 4, Block Diagram of Circuit Used la 
Provides Instantaneous Display of Transfer 
Characteristic Change of Slope 


typical result Since we have passed our 
demodulated signal through a bandpass 
filter, the upper and lower section of 
the envelope presented to the oscillo- 
scope must be symmetrical, therefore, 
we may select either for consideration. 
(The final equlpmenr shown in Figures 
10 and 1 I chose rhe negative half of 
the envelope for display.) Where rhe 
amplitude of the f> sidebands about f,. 
is very low, as would be true of a 
highly linear dreuir, the resulting de- 
parture of the oscilloscope trace from 
a rectangle is small. Since we may ig- 
nore half the envelope, it is possible to 
offset the centering of the oscilloscope 
and greatly expand either' haJf of the 
display. 1/ an oscilloscope, such as rhe 
Hewlett-Packard 1 30C, is used, linearity 
of the display will be maintained for 
an expansion of half the envelope by 
10 rimes. This permits measuring 
changes .in slope down to about 0.1 
of oae-hajf the envelope. 

The departure of die envelope in 
this display from a reference value 
(chosen as the slope ar the origin of 
Figure l, and appearing on the vertical 
center line of the oscilloscope display 



Figure 5- Typical Display from Circuit in 
Figure 4, 


in Figure 5 K is a direct measure of rhe 
change in slope of the transfer charac- 
teristic. Therefore, the slope of this 
curve is approximately the second de- 
rivative of the transfer characteristic. 
If the envelope of Figure 5 shows sym- 
metry about rhe vertical center line of 
rhe trace (Figure 5A) 3 it can be shown 
chat this is a result of odd-order (3rd. 
3th, etc.) harmonic distortion. If the 
envelope is asymmetrical about the ver- 
tical center line and has mirror image 
symmetry about the horizontal center 
line ( Figure 5B), the distortion is 
largely even-order (2nd. 4rh, etc.) 
Thus, ic can be seen, thar much infor- 
mation is contained in rhe displays of 
Figure 5, produced by the circuit of 
Figure 4. 

Up to this point in the discussion, 
we have been assuming a linear modu- 
lator. The reader may well comment, 
"This is all fine, but where do 1 get 
the perfectly linear modulator?" The 
technique illustrated in rhe block dia- 
gram of Figure 6 shows a method of 
"synthesizing” an FM signal, modu- 
lated simultaneously by two frequen- 
cies (f ft and in which sidebands of f, 
around f 0 are not produced, even chough 
the individual signal generators have 
some nonlinear distortion. The tech- 
nique used is borrowed directly from 
rhe receiver practice of mixing an in- 
coming signal with a local oscillator 
and amplifying at a fixed intermediate 
frequency before frequency demodula- 
tion is performed. Let us then consider 
rhe linearly demodulated spectrum pro- 
duced by modulating cither signal gen- 
erator by a single frequency, remem- 
bering that one generator is modulated 
by and the other by L 

The output spectrum from a perfect 
demodulator driven by a nonlinear mod- 
ulator with single frequency inpur 
would consist of rhe original modular- 
ing frequency and integral multiples of 
this frequency, generally in decreasing 
magnitude. Since the two frequencies 
h and f„ do not simultaneously exisr in 
eidier frequency modulator, it is not 
possible to produce sum and difference 
frequencies in the linearly demodu laced 
output. (See Figure 7.) When the car- 
rier frequencies (fc,and f c ,P generated 
by the rwo FM sources (one modulated 
by f B and the other by f 0 ) are mixed ar 
RF (Figure 6), and the difference car- 
rier frequency is amplified by a suit- 
able selective amplifier, the instantane- 
ous frequency in the selective ampli- 
fier is the simple arithmetic difference 



figure 6. Block Diagram of Circuit for 
Synthesizing Perfectly lincor Modulation 


of the instantaneous frequency modu- 
lated sources. Thus, no sum and differ- 
ence frequencies of the modulating sig- 1 
naLs h and K appear in rhe FM signal 
ar average frequency, f ir . 

Now, following the technique dis- 
cussed previously, let us introduce a 
bandpass filter centered on h in the 
ourput of rhe demodulator. The band- 
width of this filter muse be wide enough 
to accept the significant sidebands of 
L about f 0 . For the cases studied by the 
writer, acceptance of sidebands up to 
the 3rd is sufficient. This bandpass is 
shown by dotted lines in Figure 7. It 
will be seen that this filter eliminates 
L and ail of the distortion products 
due to the nonlinearity of the frequency 



Figure 7. Domoduiator Output Spectrum of nf ^ 
and nf n with Superimposed Bandpass 
Filter — tinea t Case 


modulators in the individual signal gen- 
erators which produce rhe difference 
frequency, tu- 

Now, let us consider the effect of 
nonlinearity in the frequency demodu- 
lot or when driven by a signal generated 
by the circuit of Figure 6. It is evident 
from the previous discussion, that rhe 
spectrum will consist nqr only of the 
components shown in Figure 7, but of 
sidebands about f 0 and its harmonics 
spaced by nL. (See Figure 8.) If the 
output of the bandpass filter is con- 
nected to an oscilloscope, as discussed 
previously, an envelope, similar to that 
of Figure 3, will be seen. Thus, we 
have a technique for using rwo signal 
generators of finite modulator non Jin - 
eariry to synthesize an apparently dis- 
tortionless signal which may then be 
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used co measure the nonlineariry in a 
frequency demodulator. 

To avoid che necessiry of offsetting 
the axis of the oscilloscope display and 
expanding the scale co look at; small 
deviacions of Jrhe envelope from rec- 
calineariry, it is possible to eliminate 
che carrier with a linear amplitude de- 
modulator. The composite block dia- 
gram of Figure 9 shows che application 
of a simple linear AM detector followed 
by a low-pass hirer co eliminate che 
carrier, f c> from rhe display. The output 
from che linear detector will be a di- 
rect current component proportional co 
the peak amplitude of C, together with 
the envelope produced by tire nf* side- 
bands beating wich che carrier. The 
percentage change in slope, compared 
to a straighr line, may be read by ex- 
pressing the peak value of rhe demodu- 
lated envelope as a percentage of rhe 
dc component (which is proportional 
to the peak value of f c ). 

If the output of the AM defector 
and nf a low-pass filter is read on an 
averaging meter, an average value of 
the percent change in slope will be 
read. For che cases srudied by the 
writer, the amplitude of che significant 
harmonics (2nd and 3rd) of C has 
been relatively low, so that rhe value 
read by an rms calibrated, average read- 
ing meter (such as the Hewlett-Packard 
400 D) closely approximates the rms 
value of the departure of the slope of 
the transfer characteristic from the 
constant slope of the ideal straight line. 
Since the departure of che transfer char- 
acteristic of Figure 1 from a srraight 
line necessitates a change in che slope 
of the transfer characteristic* it is seen 
that these are related effects. Calcula- 
tions have shown rhar the numerical 
values for percent change in slope, as 
described above, are always less rha.n 
the values for percent departure of the 
transfer characteristic from a straighr 
line. The specific relationship depends 
on the actual shape of rhe curve. How - 
ever* for transfer characteristics expe- 
rienced in FM modulators and demodu- 
lators, rhe ratio of percent departure 


from a straight line to percent change 
in slope from char of a straight line 
varies from L/2 to 1/3 Thus, a meas- 
urement of 1% change in slope insures 
a departure of the Transfer characteris- 
tic from a straight line of Jess than 1 %. 

Figure 9 shows a composite block 
diagram of the entire setup wirh a few 
additional features. Instead of sepa- 
rately modulating the Signal Generator 
under rest and the reference Signal Gen- 
erator with C and f, respectively, if the 
Signal Generator under test is simul- 
taneously modulated by f> and f„ (by 
switching S x ) rhe change in slope of 
the frequency modulator of the Signal 
Generator under test will be superim- 
posed upon that of the FM demodu' 
lator. Thus, if the individual ordinates 
of the display produced by che block 
diagram in Figure 9 are noted for the 
case of separate modulation, and then 
determined for che case of simultaneous 
modulation of the Signal Generator 
under test, the algebraic difference of 
these ordinates will produce a curve 
which is due co the nonlineariry of. the 
Signal Generator under test only, and 
does not depend upon that of rhe fre- 
quency demodulator. Note that when 
switching f„ from one generator to the 
other, the horizontal polarity of the dis- 
play is reversed. 

Thus, we have developed a circuit 
and measuring technique which will 
measure the change in slope of a 
frequency modulator largely independ- 
ently of rhe demodulator, as well as 
the change in slope of the demodulator 
independently of rhe frequency modu- 
lator, Many additional refinements arc 
possible co the basic circuit of Figure 9 
to speed up rhe measurement. Some 
of these features are: 

1. An ac voltmeter, calibrated di 


reedy in kc deviation may be con nee red 
to the output of the discriminator. 
Methods of calibration are covered in 
Reference 5* 

2. A dc meter may be used to indi- 
cate the level of the demodulated 
magnitude of f„. 

3- If the dc meter indication is kept 
constant, an ac meter on the output of 
[he nf„ bandpass filter may be calibrated 
directly in percenr change in slope. 

4. Switching may be added to fa- 
cilitate the alternate connection of f. 
and f H to separate or co a common 
signal generator (S^ in Figure 9). 

A photograph of such equipment, 
used in rhe production tesr of BRC 
202H and 202J Signal Generators, is 
shown in Figure 10. Ir should, of course, 
be noted rhai rhe FM demodulator used 
must be preceded by an excellent am- 
plitude limiter, or spurious effects will 
occur which arc nor measures of the 
true nonlinearity of the frequency 
modulator or demodulator. In the equip- 
ment shown, normal circuits have 
proven satisfactory. The particular dis- 
criminator used was centered at 21 me 
and is approximately 5 me wide, so 
that the resulting change in slope for 
deviations of —130 kc is less chan 0.2% 
peak. This high degree of linearity per- 
mits direct measurement of signal 
generator nonlineariry without the need 
for calculation. In addition, it permits 
direct measurement of total percent 
harmonic distortion of a signal gener- 
ator by the connection of a good dis- 
tortion analyzer (such as rhe Hewlett- 
Packard 330B) to rhe output of the 
discriminator. 

Figure 1 1 shows several cases of 
nonlinearity displayed by the BRC 
production test equipment shown in 
Figure 10. The scale calibration is such 



Figvr& 9 . block Diagram of Circuit Used to Obtain Change of Slope Display 
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figure 10 , BJIC Produelia /t Test Staton 


rhat a peak-to-peak amplitude of 1,0 cm 
represents 1 c /r total change in slope. 

In this particular equipment, f v — 50 
cps and V ( is set for 150 kc deviation, 
A frequency of 1 00 kc was chosen 
for L and E #11 is set for about 15 kc 
deviation. Almost any other choice of 
frequencies may be made* subjecr to 
the availability of suitable filters! how- 
ever, F should nor exceed 100 kc. 

Figure 11 A shows the change in 
slope of the BRC production rest dis- 
criminator alone. This discriminator, 
plus a properly adjusted 202J Signal 
Generator, is shown in Figure 11B, 
Figure I 1C shows a typical case of 
incorrect setting of rhe operating point 
of the reactance tube in a 202J Signal 
Generator. With this display, ic is a 
simple maner to readjust che bias for 
minimum nonlinearity of rhe frequency 
modulator. Resu Icing changes in carrier 
frequency must be corrected. A properly 
set up 202[ Signal Generator will show 
a percent change in slope of less 
than - 1 ] /2 ^ ■ 

EQUIVALENT FIELD TECHNIQUE 

It is possible to utilize the method 
described above without che complex, 
specialized equipment shown in Fig- 
ure 10. This equipment was designed 
for a particular production rest opera- 
tion and has many features unnecessary 
to the person who muse occasionally 
adjust a frequency modulator or de- 
modulator for maximum linearity'. The 
circuit of Figure 12 permirs the ap- 
plication of our method with readily 
available commercial instruments. The 
only 7 special piece of apparatus required 
is the f ft ±nh bandpass filter and rhe 
nf* low -pass filter which may be readily 
constructed from the values shown in 
Figure 12. Should a suitable oscillo- 
scope f such as the Hewlett-Packard 
130B or 130C) be available, the re- 
finement of the amplirude demodulator 
and the nf. low -pass filter may not 
be needed 

For FM demodulators of high out- 
put impedance, a good electronic volt- 
meter (HP 400D, etc, ) may be used 


to provide high input and low output 
impedance and some attenuation (in 
10 db seeps). Many telemetry receivers 
have cathode follower or ocher low 
impedance outputs which will drive 
the 4K ohm bandpass filter impedance 
adequately. To avoid nonlinearity caused 
by the voltmeter diodes, the diodes 
should be shorted out. 

The nf, low- pass filrer includes a 
resonant impedance transformer (Q^5> 
to give a high enough level to the 
AM demodulator to insure good linear- 
ity of the change of slope display. Its 
output should be checked by the oscih 
loscope envelope method to insure 
accuracy. 

While k is desirable that che fre- 
quency demodulator used be sufficiently 
linear to permit measuring the signal 
generator nonlinearity directly* this may 
be difficult to realize in the field. 
Therefore, it is essential that the two 
signal generator method (separately 
modulared) of Figures 6 and 9 be em- 
ployed in order ro measure or minimize 


the nonlinearity of the frequency de- 
modulator. After adjustment for mini- 
mum nonlinearity, a ^grease pencil' 
trace may be made on the oscilloscope 
reticule of the nonlinearity (expressed 
as percent change in slope ) of the 
demodulator. Switching to simultaneous 
modulation of die signal generator being 
adjusted will alter the pattern, due ro 
the nonlinearity of this generator. Al- 
lowance must be made for the pattern 
reversal on die horizontal axis, or rhe 
polarity of F applied to the generator 
under tesr may be reversed. It is then 
necessary ro readjust the reactance tube 
bias of the signal generator co most 
nearly equal the change of slope curve 
of the demodulator rrnced on the oscil- 
loscope reticule. It is obvious rhat the 
method becomes inaccurate when che 
nonlinearity of the demodulator is large 
compared to rhat of the signal generator. 

RECEIVER ADJUSTMENT 

The equipmenr setup of Figure 12* 
with one significant addition, can be 
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figure 1 2 . Diagram of Setup for Adjusting FM Modulator or Demodulator for Maximum 
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used to adjust an FM demodulator for 
maximum linearity, even in the ab- 
sence of the complete FM receiver. 
Substitution of a suitable commercial 
RF mixer for the receiver front end, 
followed by one or two of the BRC 
2 30 A Signal Generator Power Am- 
plifiers (which provide 24 to 30 db 
gain) will frequently permit proper 
drive levels io a Limiter and demod- 
ulator circuir under development. This 
use of the 2 30 A facilitates rhe detailed 
experimental evaiurion of an FM limiter 
and demodulator prior to the avail- 
ability of die rest of the receiver. Hav- 
ing substituted rhe 2 30 A and a com- 
mercial mixer for the receiver front 
end, it is only necessary to proceed as 
previously outlined. In order to min- 
imize the effects of residual am- 
plitude modulation in the FM signal 
generator, It is desirable to operate 
rhe level of the beating signal generator 
6 to 10 db lower chan that of the 
frequency-modulated generator. This 
allows the diode mixer to minimize 
the unwanted amplitude envelope due 
to the runed carrier bandpass circuits 
in the signal generator. 

When displaying the nonlinearity of 
the demodulator it is desirable to vary 
the carrier level of the generator under 
test with its attenuator to show that 
proper amplitude limiting is provided 
ahead of the frequency demodulator. 

rn setting up rhe equipment of 
Figure 12, rhe use of 202H and J 
Signal Generators reduces the needed 
exrernaL instruments over that required 
with other signal generators. Since rhe 
202H and J (and also 202E, G, etc.) 
include an AF oscillator, it is possible 
to use this oscillator for rhe search 
voltage (Er„) and the sweep voltage 
V, y . The connections of rhe AM and 
FM terminals to accomplish this arc 
shown in Figure L2. It is extremely 
important, chough, to keep the AM 
controls full counterclockwise to avoid 
unwanted AM of either carrier. 

The filter bandwidrh is adequate to 
be used with borh the 10 kc AF of rhe 
202H and rhe 10.3 kc of the 202J. 

When aligning a 202H, after fol- 
lowing the procedure to achieve mini- 
mum nonlinearity, if the demodulator 
is appreciably more linear than che 
202H, a total percent harmonic dis- 
tortion reading may be meaningfully 
made. 

CONCLUSION 

In conclusion, Jet us summarize the 
following points; 


1. The general definition of distor- 
tion resulting from transfer character- 
istic nonlinearity has been given, To- 
gether with qualitative relationships 
between various types of nonlinear dis- 
tortion and methods of expressing them. 

2. A technique for producing an 
essentially linear frequency-modulation 
signal from two relatively imperfect 
signal generators has been described. 
This technique permits the accurate 
measurement of demodulator nonlinear- 
ity in the presence of practical levels 
of modulator nonlinearity in terms of 
the departure of die slope of the transfer 
characteristic from that of a reference 
straight line. Having achieved rhis 
measurement, it is rhen possible to 
measure che nonlinearity of frequency 
modulators by calculating out, or elim- 
inating, the nonlinearity of the de- 
modulator in the composite display. 
1*his method results in an instantaneous 
dynamic display which facilitates ad- 
justment of either the modulator or 
demodulator, 

3. An equipmem setup has been 
shown which permits the application 
of rhe technique in the field with com- 
mercially available test equipment, pre- 
suming a suitable frequency modulation 
receiver or demodulator is available 

Similarity of the techniques discussed 
here to the Intermodular ion Distortion 


Boon ton Radio Company recently an- 
nounced the appointment of four new 
cast-coast engineering representatives; 
Ho/man Associates, Inc, RMC Sales 
Division and Robinson Sales Division 
of Hewlett-Packard Company, and 
Yewell Associates, Inc 
Herman Associates, Inc. has its head- 
quarters in Rockville, Maryland, a sub- 
urb of Washington, D.C., and a branch 
office in Baltimore. RMC has rwo of- 
fices; the main office in New York 
City, and a branch office in Englewood, 
New Jersey. Robinson Sales Division 
has three offices, with headquarters lo- 
cated near Philadelphia in West Con- 
shocken, Pennsylvania, and branch of- 
fices in Camp HiR Pennsylvania, and 
Asbury Park, New Jersey. Yewell As- 
sociates, Inc. has its main office in Bur- 
lington, Massachusetts, with branches in 
Middletown, Connecticut, and Pough- 
keepsie, New York. 


method of C J LcBel 7 will be seen. 
However, the numerical results of Le- 
Bel's method depend critically on the 
amplitude ratio of rhe two signals, 
while, in the change of slope merhod, 
it is Only necessary that E f „ be suffi- 
ciently small ro truly measure slope. 
Vr, is chosen for the desired deviation 
being studied. 
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With the appointment of RMC, Rob- 
inson, Horman, and Yewell, BRC ex- 
pects co further improve customer serv- 
ices to its many customers. "Chuck" 
Quinn, who previously had been hand- 
ling a portion of this Territory from 
the factory, will still be on hand co as- 
sist customers with rheir special appli- 
carion problems. 

The complete story on our new rep- 
resentatives, including an introduction 
ro their key personnel, will be presented 
in the "Meet Our Representatives" 
series which will be resumed in the 
nexr issue of rhe Notebook. Meantime, 
we urge our customers in rhe areas 
served by rhese new representatives to 
call or write them for information about 
BRC equipment. 

A complete list of addresses and tele- 
phone numbers for all BRC Engineer- 
ing Representatives appears on page 8 
of this issue. 


BRC APPOINTS FOUR 
NEW ENGINEERING REPRESENTATIVES 
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EDITOR'S NOTE 

BRC Assumes Divisional Status 

Boomon Radio Corporation, a sub- 
sidiary of the Hewlett-Packard Com- 
pany since )959> assumed divisional 
srams November 1, 1962. At that time, 
BRCs name was changed to Boon ton 
Radio Company. 

The conversion of BRC to a division 
of the Hewlett-Packard Co. is a pari of 
an over-all program to achieve greater 
flexibility of the entire HP organiza- 
tion find to improve operating effi- 
ciency, This change will in no way af- 
fect BRC politics or producr line, but 
will permit us to offer improved and 
expanded services to our customers. 

M!r. William D. Myers, formerly 
manufacturing manager of HP’s Micro- 
wave Division in Palo Alto, has been 
named general manager of the new 
Boomon Radio Division. Mr. Myers 


joined HP in 19^4 as a. development 
engineer and has since held a number 
of executive positions, including man- 
ager of quality -control engineering, 

A native of San Jose, California. Mr. 
Myers is an elecrrical engineering grad- 
uate of Stanford University and a senior 
member of the Institute of Radio 
Engineers. 



BRC Wins 

“New Good Neighbor" Award 

Boonton Radio Company was one of 
ten winners in the third annual "New 
Good Neighbor" contest, a state- wide 
contest sponsored by New Jersey Busi- 
ness Magazine, a service of the New 
Jersey Manufacturers Association. Nom- 
inations for the contest are made by the 
mayors of the communities in which 
new buildings are located. Winners are 
selected by a panel of noted business 
and civic leaders and architects. Points 
considered in <he judging are: the gen- 
eral attractiveness of the building and 
its economic value to the community, 
and the company's overall community 
relations approach and effectiveness. 

BRC is indeed happy to have been 
selected a winner in the contest and is 
proud of its "good neighbor"' role in 
the Community. 




♦AlSUQUfROUf, Maw Mexico 
NEELY ENTERPRISES 
<1501 Lomoj Blvd., N.f. 

Tel: (505) 255-5585 
TWX- 505-243-83U 

ASBURY PARK, New Jersey 
ROBINSON SALES DIVISION 
Hewlen-Pcckord Company 
1317 Roil rood A v ^. 

Tel: (201) 531-3150 
TWX: 20153M331 

'ATLANTA 5, Georgia 

BIVINS & CALDWELL, INC. 

31 10 Maple Drive, N.f 
Tali (404) 233-11^1 
TWX: 404-731-4720 

BALTIMORE, Maryland 

HOftMAN ASSOCIATES, INC. 
3005 W. Cold Spring Lane 
Tel: 1301) 664-5400 

'BOSTON, Massachusetts 

YEWELL ASSOCIATES, INC. 
Middlesex turnpike 
Burlington, Mass. 

Tol : (517) 272-9000 
TWX: 617-272-I425 

’CHICAGO, Illinois 

CROSSLEY ASSOCIATES, INC. 
2501 w, Peter ton Ave. 

Tel: (312) 275-1500 
TWX: 312-227.0311 

*CLfV£LAND, Ohio 

S. STERLING COMPANY 
5627 Mayfield Road 
Tel: (215) 442-BO B0 

-DALLAS, Texas 

EARL LIPSCOMB ASSOCIATES 
3505 In wo ad Rood 
T € Ii (214) 357-1001 
TWX: 214-899-8541 

'DAYTON, OMo 

CROSSLEY ASSOCIATES, INC. 
2801 Far Hills Ave. 

Teh (513) 299 7002 
TWX: 513 944-0090 

’DENVER, Colorado 

LAHANA 5 COMPANY 
1BB5 South Broadway 
tot: (303) 733-3791 
TWX i 303 292- 3055 


*DETPON, Afichjgon 

S. STERLING COMPANY 
21250 10-1/2 Mile Rood 
Southfield, Michigan 
Te(; (313 ) 442-5555 
TWX. 313 357-4515 

ENGLEWOOD, New Jersey 
RMC SALES DIVISION 
Hew I eH- Packard Company 
391 Grand Avq. 

Tel: (701) 557-3933 

HAPPJ58UPG, Peansy/voai'a 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
Park Plato Office Bldg. 

Camp Hill, PennD. 

Tel: (717) 737-5791 

"HARTFORD, Connecticut 

YEWELL ASSOCIATES, INC. 
589 Saybrook Rood 
Middletown, Conn, 

Tel: (203) 345-5611 
TWX: 203-345-7433 

*H/GH POINT, North Carolina 
BIVINS & CALDWELL, INC. 
1923 Norlh Moin Si. 

Tel: (9)9) 882-6873 
TWX 919-883-4912 

"HOUSTON, Texas 

EARL LIPSCOMB ASSOCIATES 
3825 Richmond Ave, 

Tel: (713) 557-2407 
TWX 713-571 -1353 

HUNTSVILLE, Alabama 

BIVINS & CALDWELL, INC, 
Tol: (205) 534-5733 
(Direct line to Atlonto) 

'INDIANAPOLIS, Indiana 

CROSSLEY ASSOCIATES/ INC. 
3919 Meadows Drive 
Tel: (317) 545-409 1 
TWX: 317-535-4300 

LAS CRUCES, New Mexico 
NEELEY ENTERPRISES 
1 1 4 South Wolor St. 

Teh (505) 526-2486 
TWX- 565-524-2671 

'LOS ANGELES, California 
NEELEY ENTERPRISES 
3939 Lanlcershim Blvd. 

Norlh Hollywood, Cal. 

Teh (213) 877-1282 
TWX i 213-759-4550 


'MONTREAL, P. Q., Canada 

HEWLETT-PACKARD (CANADA) LTD. 
8270 Mayrand St 
Teh (514) 735 2273 

'NEW YORK, New York 
RMC SALES DIVISION 
Hewlett- Packard Company 
236 fait 75IH St, 

Teh (212) B79 2023 
TWX: 212-967 7136 

ORLANDO , Florida 

BCS ASSOCIATES, INC. 

601 N Fem Creek Ave, 

Teh (305) 241-1091 
TWX: 305-275 0422 

OTTAWA, Ontario, Canada 

HEWLETT PACKARD (CANADA) LTD. 
1752 Carling Ave. 

Tol : (613) 722-8162 

' PHILADELPHIA, Pennsylvania 
ROBINSON SALES DIVISION 
Hewleti-Pocka/d Company 
144 Elizabeth Si, 

W, Conshohocten, Ponna. 

Tah (215) 248-1600 
TWX: 215-828-3847 

’'PHOENIX, Arizona 
NEELEY ENTERPRISES 
771 S, Scottsdale Rd, 

Scot i »dale, Arir, 

Teh (502) 945-7501 
TWX: 502-949.0111 

'■PITTSBURGH, Pennsylvania 
S, STERLING COMPANY 
4232 Brownsville Rd, 

Tel: (412) 804-5515 

PORTLAND, Oregon 
ARVA, INC. 

2035 S,W. 581 h Ave. 

Tel: (503) 222-7337 

RICHMOND, Virginia 

BIVINS & CALDWELL, INC- 
1219 High Paint Ave 
Teh (763) 355-7931 
TWX: 703-359-5650 

ROCHESTER, New YorJr 

SYRACUSE SALES DIVISION 
Hewlett- Packord Company 
806 Linden Ave. 

Teh (716) 381-4120 

•SACRA/4BNTO, California 
NEELEY ENTERPRISES 
1317 T5ih St. 

Teh (916) 442-8901 
TWX. 916-444-0683 


SALT LAKE CITY , Utah 
LAHANA A COMPANY 
M82 Major Si 
Tel: (001) 486-8)66 
TWX: 801-52] 2604 

*SAN DIEOO, California 
NEELEY ENTERPRISES 
1055 Shatter St. 

Teh (714) 223 8103 
TWX: 714.276 4263 

> SAN FRANCISCO, California 
NEELEY ENTERPRISES 
501 Laurel St. 

San Carlo*, Cal. 

Teh (415) 591-7561 
TWX: 4)5-594-8857 

’ SEATTLE, Waihr/iglon 
ARVA, INC. 

1326 Prospect St 
Teh (206) 622-0177 
TWX: 206-998-0733 

SPOKANE, Washington 
ARVA, INC. 

East 127 Augusta Ave, 

T«l, (509) 325 2557 

*S7. PAUL, Minnesota 

CROSSLEY ASSOCIATES, INC, 

842 Raymond Avo. 

Tel: (612 ) 546-7881 
TWX: 612-551-0055 

SYRACUSE, Now York 

SYRACUSE SALES DIVISION 
Hew tef l-Pofkord Company 
Pickard Bldg., F. Malloy Rd. 

Teh (315) 454-2486 

TORONTO, Ontario, Canada 

HEWLETT-PACKARD (CANADA) LTD. 
1415 Lawrence Ave. W. 

Tel: (416) 249-9196 

TUCSON, Arizona 
NEELEY ENTERPRISES 
232 S. Tucson Blvd, 

Tel: (662) 623-2564 
TWX: 602-792-2759 

* WASHINGTON, D.C. 

HORMAN ASSOCIATES, INC, 

94) Rollini Ave. 

Rock vj lie, Maryland 
Teh (301) 427 7560 
TWX. 361-427 455) 


’Indicator instrument Repair Stations 

-J-For Instrument repair caniuch Customer Service, Hewlett-Packard Company, 395 Page Mill Rd., Polo Alio, Co Worm a, Tel: (415) 326-1755 
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A New Unity Gain Frequency Converter 

RICHARD H. BLACKWELL, Development Engineer 


With the development of the 202 H 
and 202 J VHF Signal Generators, the 
design of an improved version of the 
207 Univerter was undertaken. Des- 
ignated the 207H, this instrument re- 
tains the basic concept of earlier models 
while offering the following additional 
features: 

1, An improved wideband mixer to 
permit operation with input frequencies 
above and below the local oscillator 
frequency. 

2. A redesigned local oscillator afford- 
ing better stability and low residual FM. 

3. A built-in 40 db attenuator to aid 
in making low-level measurements, 

4, An -hp- modular cabinet to com- 
plement the 202H,and 202J, 

The 207H Univerrer is basically a 
unify gain frequency converter Cover- 
ing an output frequency range of 100 
kc to 55 me. Figure 2 is a block dia- 
gram of the principal functions. A 
local oscillator frequency of 200 me 
was chosen because it falls within the 
range of both the 202H and 202J 
Signal Generators, and because it is a 
convenient figure to use in determin- 
ing the Univerter output frequency for 
a known input frequency. The output 
frequency of the 2Q7H, F OJ is related to 
the signal generator input frequency, 
F,, as follows: 

H 200 ~ F 'M 

U5 < F, < 199.9 f 202 H ) 

200,1 < F, < 253 ( 202 J ) 

F fl = 207 H output frequency in me. 

F l = Signal generator inpur frequency 
in me. 

If the Frequency Increment Dial is set 
at zero, rhe output frequency of the 
207H is simply the difference berween 
rhe signal generator input frequency 
and the 200 me local oscillator fre- 
quency. 

When loaded with 50 ohms, the 
uniry gain or XI output level is wirhin 



Figure h Type 207 H U nlverfer 


± l db of the signal generator input 
level in the operating ranges previously 
defined. The X.0L output provides a 
signal level 40 db below chat obtained 
at the XL output and the High Output 
provides a minimum level of one volt 
for 0.1 volt input. The input, Xl out- 
put, and X.01 output have a nominal 
impedance of 50 ohms and the High 
Output has a nominal impedance of 
300 ohms. 

MIXER 

Previous models of the 207 Uni- 
vercer were designed to operate only 
with input signals of a higher frequency 
rhan the local oscillator frequency. 


correct for mixer non-flatness for either 
input frequency range, but nor for both 
ranges simultaneously. 

Two possible solutions for this prob- 
lem are: (1) a switching circuit to 
provide the proper compensation for 
each range, or (2) a mixer circuit 
which is sufficiently flat over the input 
frequency range. The latter approach 
was chosen. 

Figure 3(a) is a schematic diagram 
of the mixer circuit employed in ail 
previous models of the 207 Univerter. 
The signal generator input signal is 
fed co the cathode of a triode mixer 
and the oscillator signal is applied to 
rhe grid by means of a coil coupled 



OUTPUTS 

*i 

floor 


< X .01 

500 Z 

HIGH 
LEVEL 
300 0 Z 


Figure 2, Functional Block Diagram — 207H 


SmaLl variations in mixer response over 
the input frequency range could be 
compensated for by adjusting the re- 
sponse of the wideband amplifier. In 
rhe 2D7H Univerrer, however, any de- 
parture from flat mixer response ap- 
pears as an asymmetry in the upper 
and lower halves of the overall response 
curve. The amplifier can be used to 
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ro rhe oscillator tank circuit. 

Figure 3(b) is a simplified Norton 
equivalent circuit with the grid leak 
bias components and ail but one of the 
i n ter elec rrode capacitances omitted. The 
output of the mixer is determined by 
the conversion trans conducts nee g Cj the 
signal frequency load impedance Z L and 
the grid to cathode voltage V tk . V £Vl 
however, is not always equal to the 
signal generator input voltage V Jll( and 
the relationship between them is fre- 
quency dependent. At some frequency 
series resonance occurs between Qu 
and For input frequencies neat F^ 
will be larger than V ln by a factor 
which depends, in pan. on the Q of 
rhe resonant circuit. Because the series 
resonant circuit forms a feedback cir- 
cuit between the grid and cathode of 
the mixer, the actual resonant frequency 
is slightly higher than the natural re- 
sonant frequency. For the circuit of 
Figure 3(a), F, is 230 me. This un- 
desirable resonance effect can theoreti- 
cally be eliminated by either shifting 
F r to a higher frequency (by reducing 
Ql and U), or by reducing the effec- 
tive Q of the circuit ro unity. These 
possibilities suffer from praerka) cir- 
cuit limitations which are difficult to 
overcome. 

A much better solution to this prob- 
lem would be non-resonant coupling 
from the mixer to rhe oscillator. Rather 
than add a buffer or cathode follower 
stage, an attempt was made to take the 
oscillator signal directly from the cath- 
ode of rhe oscillaror rube. A small value 
of resistance in the cathode circuit 
would provide the RF voltage necessary 
to saturate the mixer and also discour- 
age mixer grid circuit resonance effects 
because of the low Q it presents. In 
addition, the mixer would be operating 
essentially in the grounded -grid con- 
figuration with respect to input signals, 
resulting in a lower input VSWR. 

The result of this development is 
shown in Figure 4. A 6ER5 VHP rriode 


is used as a mixer because its transcon- 
du era nee can be made to swing over a 
large range with a small change in 
grid voltage, thus providing a large 
conversion transconductance with small 
drive voltages. Approximately 3 volts 
rms of 200 me signal is developed 
across a 15 -ohm resistor in rhe oscillator 
cathode. The Q of the resistor varies 
from 0.6 at 150 me to unity at 250 me. 
The 100 -ohm resisror in rhe cathode 
of rhe mixer provides a 50 -ohm nom- 
inal input impedance. 


R k 100 

Zi„ = = = y) ohms 

i + £_ R,, i + <.0] j ( ion j 

This formula neglects in ter electrode 
capacirance and assumes grounded -grid 
operation. In prototype models, the 
maximum input VSWR is 1,7 ac 255 
me and the flatness over an input fre- 
quency range of 1 45 me ro 255 me is 
approximately 34 db total variation. 

200 Me OSCILLATOR 

The Colpitts oscillator circuit of pre- 
vious Univeners has been improved 
for use in the 207H. The modifica- 
tions are; 

L Substitution of a Type 6AF4A tube 
for the Type 6C4. 

2. Use of a metalized glass tank coil. 

3. Temperature compensation for im- 
proved stability. 

The 6AF4A, designed to operate as a 
UHF oscillator, is more stable and has 
a higher transconductancc than the 6C4. 
The metalized glass coil is far superior 
to conventional wire- wound coils in 



Figure 3loh Mixer Circuit Used 
In Frevlous Univerie rs 



Figure 31b). SfmpJ/ifed Equivalent 
Circuit of Figure 3faJ 


this application. Ir is unaff acted by 
vibration and humidity and has a max- 
imum temperature coefficent of only 
20 parts per million per degree Centi- 
grade. Since rhe warmup drift is related 
cn temperature rise inside the oscillator 
compartment, temperature compensa- 
tion can be employed. The frequency 
decreases with increasing temperature, 
thus, requiring a negative temperature 
coefficient capacitor. Best results are 
obtained using a grid blocking capaci- 
tor whose coefficient is — 330 pans 
per million per degree Cenrigrade. All 
other fixed capacitors in the oscillator 
arc of the NPO type. Figure 5 is a table 
of the drift characteristics of 207H 
prototype models. The specification al- 
lows a maximum drift of 10 kc 
(.005% ) in any one-hour period or 2 
kc (.001%) in any five-minute period 
after a one-hour warmup. 

Tine 207 H oscillator circuit has two 
frequency adjustments. An uocalibrated 
Frequency Adjust Trimmer gives a tun- 
ing range of approximately four meg- 
acycles to permit zero bearing the 
oscillaror with an external standard. 
This control is a recessed screwdriver 
type on the front panel. The Frequency 
Increment capacitor is controlled by 
rhe large knob on the front panel and 
permits a change in frequency of 300 
kc eirher side of the center frequency. 
The dial is calibrated in 5 kc incre- 
ments and the accuracy is ± (3% of 
the dial reading + 1 kc). 

The residual FM of the oscillator 
due to the 60-cycle power line frequency 
and 120-cycle power supply ripple is 
65 db below 10 kc or 6 Cps deviation 
typically, 

WIDEBAND AMPLIFIER 

If rhe Univerter is to have unity 
gain at 50 ohms ourpuc impedance, an 
amplifier must be used to restore the 
power insertion loss of the mixer. A 
two-stage, low-pass filter coupled am- 
plifier with an output cathode follower 
is used. An additional low-pass filter 
section couples the mixer to rhe first 
amplifier. 

Each filter consists of a constant K 
pi section followed by an m-derived 
half section (m — 0.6) terminated in 
a resistance which is approximately 
equal to the characteristic impedance 
of the filter. The input and output 
capacitance of the amplifier cubes be- 
come the capacitance elements of rhe 
filter as shown in Figure 6. Small trim- 
mer capacitors of rhe glass piston rype 
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para lid the tube capacitances and com- 
pensate for tube variations and com- 
ponent tolerances. The gain that can 
be obtained for a given bandwidth is 
limited by the input and output capac- 
itance of the tubes and the cube trans- 
conductance. In order to be useful in 
this circuit, a rube must have a large 
transconduerance combined with small 
input and output capacitance. Both the 
6AK5 and 6688 used in this circuit 
are suited for wideband amplifier use. 
Variable resistors for gain control are 
placed in the cathode circuits of both 
amplifiers. One of these controls is a 
recessed screwdriver type on the front 
panel; the other is a locking potentio- 
meter located at the rear of the cast- 
ing, The 6AK5 amplifier stage pro- 
duces a maximum gain of 1.5, and the 
6688 has a maximum gain of 8.4. Al- 
though the 6AK5 gain seems quite 
small, it serves to isolate the relatively 
high input capacitance^ of the 6688 
from the mixer output, and thus per- 
mits an additional 6 db of gain in that 
scage. The final 6AK5 provides two 
outputs. It acts as a cathode follower 
to supply the 50-ohm unity gain out- 
put and as an additional stage of am- 
plification to supply the high level, 
300-ohm output from the plate circuit. 
The High Output must be loaded ex- 
ternally with a 10 pf capacitance if 
maximum output flatness is desired, 
(The resistance loading is not critical). 
Although the low-frequency limit of 
the 207H is specified as 100 kc, the 
response extends down into the audio 
range to facilitate zero beating the 
oscillator wirh a signal generator oscil- 
lator, using headphones Or a VTVM as 
a mill indicator. The premium quality 
6688 frame grid pentode not only pro- 
duces a large gain, but offers reliable 
operation and long life. The mixer and 
amplifier together provide flat response 
within ± 0.7 db over die entire operat- 
ing frequency range. 

ATTENUATOR 

A mixer, followed by a wideband 
amplifier, has an inherently high out- 
put noise level. The noise power out- 
put is proportional to bandwidth within 
the passband of rhe amplifier. For che 
207H Univerter, the noise level at the 
unity gain output is a maximum of 
eight microvolts over a one-megacycle 
bandwidth. This corresponds to a noise 
figure of approximately 25 db. This 
noise level can be troublesome when 
making measurements with sensitive, 



Figure 4. 2 07H Univerter Mixer Circuit 
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wideband devices. A simple solution 
to this problem is the use of an atten- 
uaror between the wideband amplifier 
and the device being rested at low 
signal levels. A 40-db attenuator for 
this purpose has been incorporated in 
the design of che 207 H. 

Figure 7 shows the multisectioa fre- 
quency compensated arccnuator which 
serves a dual purpose. It provides 3.5 
db attenuation between the XT ourpur 
and the cathode follower output of rhe 
amplifier in order to obtain a low 
VSWR. It also provides a X.01 output 
which gives a level 40 db below the 
XI output level. Output levels are spe- 
cified across a 50 -ohm load connected 
to the output in use. Both outputs 
should never be loaded at the same 
rime or a serious error in attenuation 
will result. 

The resistors used are half wati, one 
percent, carbon film types (MIL RN 
20X). The maximum possible error in 
attenuation due to the resistance toler- 
ance is ± 0.4 db. Change in attenua- 
tion with frequency, due to the rising 
impedance of the 10-ohm resistors at 
high frequencies, is compensated with 
shunt capacitors. The rotaJ maximum 


error in attenuation, due to both ef- 
fects, is approximately 1 db. Typical 
attenuators have errors of less than 

db. The attenuator exhibits a rise 
in attenuation above 55 me. This is 
desirable because the transmission of 
spurious signals above 55 me is re- 
duced. For instance, at 200 me the at- 
tenuation is 60 db. The XI output has 
a maximum VSWR of 1,22 and the 
X.01 output has a maximum VSWR 
of 1.17. 

The attenuated output should be used 
for making measurements at levels be- 
low 1000 microvolts. The attenuated 
output noise power is less than che 
noise produced by a 50-ohm resistor 
at room temperature. Therefore, che 
X.01 output noise power is essentially 
Only chat associated with the 50-ohm 
internal resistance. 

POWER SUPPLY 

Two power supplies are available 
wjrh the 207 H Univerter. a 95-130 volt, 
60-cycle model and a 95-130 volt or 
190-260 voir* 50 -cycle model. The duaJ 
voltage supply has a voltage changeover 
switch mounted on the power supply 
chassis. Both supplies employ resonant 
stabilizers for ± \% volcage stabiliza- 
tion over rhe indicated range of input 
line voltages. The BH- is developed by 
a conventional voltage doubler circuit, 
using selenium rectifiers and a two- 
section, choke -capacitor filter. As a re- 
sult of voltage stabilization, the local 
oscillator frequency change, due to a 
1-volt change in line voltage, is less 
than 400 q'des. 

PHYSICAL CHARACTERISTICS 

The oscillator, mixer and amplifier 
are constructed on a silver plated brass 
plate mounted on an aluminum casring 
with a silver plated brass cover plate. 
The shielded attenuator subassembly is 
mounted to die side of rhe casting, 
while the regulated power supply is a 
separate chassis. The entire unit: is 
housed in the new Hewlett-Packard 
Modular Cabinet. This cabinet matches 



FJgare 6. Wideband Amplifier Interstage Fitters 
(Bypass and Coupling Capacitors Omitted tor Simplicity) 
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the appearance of the 202 H and 202 J 
cabinets and permits stacking rhe 207 H 
with either generator.. The simple addL 
tion of flanges permits rack -mounting. 
The front panel layout of the 207H is 
designed to complement the appearance 
of the 202H and 202J front panels 
when the unirs are stacked. A short ac- 
cessory cable, Type 524A, is used to 
connect rhe signaJ generator output to 
the Univener input. 

It is desirable to have the Frequency 
increment Dial indicate the sense of 
output frequency change as well as 
magnitude. The sense is opposite for 
input frequencies above and below 200 
me. To avoid possible confusion the 
input frequency ranges are color coded 
to correspond to the appropriate Fre- 
quency Increment Dial calibrations. 

OPERATION WITH 202H AND 202J 

The major advantage of the Uni- 
vener principle is the extension of the 
superior modulation characteristics and 
precision pistoo attenuator of the VHF 
signal generator to the lower frequency 
range. 

The 20.7H will reproduce rhe modu- 
lation of the 202H or 202J, with neglh 
gible distortion, provided rhe following 
precautions are observed. Care should 
be raken when using low carrier fre- 
quencies that significant modulation 
sidebands do not fall below 100 kc, 
otherwise severe distortion may result. 
The following simple rules will avoid 
this condition: 

Modulaiion — Lowest Permissible 
Output Carrier Frequency 

AM — 100 kc plus Modulation 
Frequency 

PM — 100 kc Modulation Frequency 
plus Deviation Frequency 

In addition, input amplitude mod- 
ulated signal levels should be kept 
below .05 volts for minimum envelope 
distortion. 

The XI output level of the 207H 
Univerter can be read directly from 
the 202H or 202J attenuator dial wirh 
an accuracy of ± l db plus the accu- 
racy of the signal generator attenuator 
itself. In this way rhe 207H effectively 
extends the range of the 202H or 202J 
precision piston attenuator to cover 
frequencies of 100 kc to 55 me* 

The stability of the output signal of 
the 207H depends upon the stability 
of the 207H local oscillator and the 
stability of the signal geoerator with 
which it is used* Much effort has been 



Figure 7. 40 db vlftenuotor 


put into stabilizing the 207H local 
oscillator in order that rhe output fre- 
quency stability of the Univener will 
be controlled almost entirely by the 
stability of the signal generator. Very 
lirrle could be gained in output fre- 
quency stability with a crystal con- 
trolled local oscillator. In addition a 
crystal controlled oscillator would pre- 
clude the use of the Frequency Incre- 
ment capacitor for calibrated frequency 
deviations of ± 300 kc. The drift 
specifications for rhe 207H refer only 
to rhe local oscillator and not to the 
output frequency. 

{% change in F P J - 

(% increase in F,) F, — (% increase in Fl> F ( . 

Fj = sig. gen. ioput freq. lq me* 

Fl = local oscillator freq. in me. 

F u = output freq. in me. 

The percent change in output fre- 
quency is a function of the magnitude 
of input and local oscillator drift, the 
direction of the drift and the output 
frequency itself. It is possible, for the 
output frequency drift to be zero while 
both the inpur and local oscillator fre- 
quencies are changing. 

For some applications, especially at 
low frequencies) the output frequency 
drift may be larger than desirable. It 
is possible to lock the output frequency 
of the 207 H ro an external discrimi- 
nator usiog a simple AFC arrange- 
ment. The dc output of the discrimi- 
nator must be amplified for best re- 
sults and aplied to the DC FM INPUT 
of the 202H or 202J. Care must be 
taken to use the proper polarity of 
feedback signal. Figure 8 shows the 
recommended setup. The dc amplifier 
should have a high input impedance, a 
low output impedance, a polarity re- 
versing switdi and a gaio of at least 
15. Both the discriminator and ampli- 
fier should be as stable as possible. The 
time constant of the dc amplifier must 
be short enough to prevent "hunting” 
and Jong enough to prevent carrier de- 
modulation and the inttoduction of FM 


hum modulation. Experimentation may 
be necessary to determine the best 
value for a given application. 

Spurious output frequencies from the 
207H Univerter result mainly from 
signal generator spurious outputs which 
are convened to lower frequencies 
along with the desired signal and ap- 
pear in the output. 

The total harmonic distortion of the 
207H is less than 2.5% at a level of 
0.1 volts. The second and third har- 
monics are at least 30 db below the 



| FREQUENCY CONTflQlLEO 

* siamal 

Figure 8. AFC Circuit Using 
Externa! Discriminator 

fundamental for levels up ro 0.1 volt. 
Approximately 200 microvolts of 200 
me local oscillator signal appears at 
the unity gain output. Output fre- 
quency signal leakage is at least 60 db 
below the unity gain output level 
in the vicinicy of the output panel 
connectors. 

The results of a series of environ- 
mental tests indicate chat the 207H is 
capable of withstanding any shock, tem- 
perarure and humidity conditions likely 
to be encountered in normal labora- 
tory use. 



Figure 9. Typical 207 H and 202H Setup 
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SUMMARY 

The 207H is a valuable accessory to 
the 202H and 202J Signal Generators. 
The three instruments together offer 
calibrated output levels with both AM 
and FM modulation over a frequency 
range of 100 kc to 270 me. 


CORRECTION 

The block diagram shown in Figure 
9, Page 5 of Notebook Number 33 is 
not correct as shown. The blocks desig- 
nated ' FM SIG. GEN. UNDER TEST’ 


and "REFERENCE FM SIG. GEN.”, 
together with the output designations 
"f Ci " and should be interchanged. 

The Notebook is indebted to Mr. K. E. 
Farr of Jerroid Electronics Corp. for 
pointing out this error. 


New Techniques in FM Fidelity Measurements 

RICHARD N. SCHULTE, Production Engineer 



Figure 1. Amplitude ftertJo — m vs. E f /E c 


INTRODUCTION 

Common methods of measuring a 
signal source FM fidelity involve the 
use of a receiver or detector with known 
fidelity characteristics. This article de- 
scribes a method of determining fidelity 
by measuring the deviation of an FM 
source as a function of a constant am- 
plitude modulating signal, without de- 
pendence on the receiver's fidelity 
characteristic. Any relatively good nar- 
row band AM receiver will suffice for 
che measuremeor since the fidelity re- 
quirement is not critical. 

In che absence of AM, the frequency 
spectrum of an FM signal shows the 
amplitude relationship between the car- 
rier and the various sidebands. The 
modulation index, m, is defined as 
Af/f, norf ; where Af is the peak frequency 
deviation of rhe carrier from ics center 
frequency, and f mM Is the modulation 
frequency. 

The various carrier and sideband 
amplitudes that result from values of 
m are related to (he Bessel Functions 
of the first-kind, J* (m), with order 
equal co n where nf^i equals the 
separation between rhe carrier frequency 
and the sideband or spectrum compon- 
ent of order n. 

The carrier amplitude is E* = EJ* 
(m), che first-order sideband is E t — 
EJi (m), and the n th order sideband 
is En = EJt» (m); where is the 
amplitude of che unmodulated carrier. 

BESSEL ZERO METHOD 

For years, frequency deviation has 
been measured by using the fact that 
the carrier amplitude, related to the 
Bessel Function ) v (m), goes to zero 
ar certain values of modulation Index 
(m- 2.405, 5.520, 8.653, 11.79, ere). 
For this rype of measurement all thac 
is needed is an accurately known mod- 
ulation frequency source, and a receiver 
selective enough to precisely indicate 


the carrier null m rhe presence of a 
first -Order sideband. The procedure is 
simply co rune to the carrier with no 
modulation present, and then increase 
the amplitude of the modulating signal 
until the desired n^ order null is reached 
as indicated by the disappearance of 
the carrier, for the n t]l time 1 . For ex- 
ample, the deviation of an FM signal 
source can be set to 150 kc using the 
second-order Bessel Zero modulation 
index (m> of 5.520. In cl) is case rhe 
modulation frequency used is 

Af 150 kc 

= = 27,173 cps. 

m 5.520 

Tuning to che carrier, without mod- 
ulation, and then increasing the ampli- 
tude of a 27,173 cps modulating signal 
until rhe second null is readied, will set 
the deviation of che signal source to 
150 kc. Table 1 contains frequently 
used Bessel Zero frequencies and result- 
ing deviations. 

The minimum receiver bandwidth 
that can be used with a VHF FM signal 
source of good stability limits rhe mod- 
ulation frequency to a minimum of 
about 5 kc. This puts a limit of approx- 
imately 12 kc on the minimum devia- 
tion rhar can be measured by Bessel 
carrier zeroes. On che ocher hand, nulls 


above rhe 4th order become difficult to 
identify and precisely locate. This Lim- 
itation is not serious, however, because 
most FM telemetry and entertainment 
receivers are quite flat, before de -em- 
phasis, from 50 cps to 15 kc Most FM 
Signal Generators are also quite flat 
in this frequency range. 


deviation 

NULL ORDER | 

(kc) 

1 

2 

3 

50 

20,792 

9,058 

5,778 

75 

31,188 

13,587 

8,667 

150 

62,375 

27,173 

T7,334 

250 

103,959 

45,289 

28,889 

300 

124,750 

5047 

34,667 


Table 7. 8enel Zero Modulating Freq. 


The first-order Bessel Zero appears 
at a modulation index of 2.405, whid) 
is rhe minimum value useable with che 
Bessel Zero method. Obviously, the 
Bessel Zero method fails, and hence a 
problem arises at modulation indices 
less than 2.405. For instance, a 50 kc 
deviation at a modulating frequency of 
500 kc gives a modulation index of 0.1 
and is nor measurable by the Bessel 
'Zero method. 

SIDEBAND AMPLITUDE METHOD 
Analyzing the Spectrum 

A ratio measurement of rhe first- 
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order sideband to carrier amplitudes 
fills this gap. The ratio under considera- 
rion, £l/E Cj equals J, fm)/J«( m ) , be- 
cause — EJ ; ( m ) and E, = EJ rJ < m ) 
and therefore, Ej/E,. is a function of the 

Af 

modulation index ( m — — There- 

fmM I 

fore, the actual deviation can be deter- 
minded since is known and m can 
be calculated from Ey/E c , which equals 
Ji(m)/J»(m). Tf J ( {m)/J,(m) is known, 
m can be found in any table of Bessel 
functions of the first kind. When m is 
less than 0.5 > a good approximation is 

Jt(m) m 

— . ror convenience, 

j„(m) 2 

m vs. Ji ( m ) /^M m) is plotted in Fig- 
ure I. The values of Ji(m)/J 0 (m) or 
Et/Ef, for some of the more common 
modulation indices, are listed in Table 2. 





~1 


M ike) 

C.. fk<) 

ratio 

db 


50 

100 


— 11.7 ' 

25 

50 

200 

.12$ 

— IS 

.] 

50 

$00 

,050 

— 26 

05 

50 

1000 
i 1 mej 

025 

— }2 


Table 2. Modulation indices — 

A* 

m — 

Effects of AM Distortion 

For the sideband method to give ac- 
curate results, the FM spectrum can 
not be distorted by AM. Residual AM 
on an FM spectrum usually increases 
the amplitude of one sideband and de- 
creases the amplitude of the other, as 
shown in figure 2. If the FM signal 
is distorted by incidental AM, the IF 
signal obtained by beating it with a 
local oscillator will also have AM dis- 
tortion. This distortion can be mini- 
mized by adjusting the relative RF 
levels of the AM distorted FM signal 
and local oscillator. If the distorted 
signal is made large enough co operate 
the diode in its saturated region, clip- 
ping by the diode will reduce the AM 
distortion. Reducing the AM content, 
while maintaining a constant IF ampli- 
tude, can be obtained by increasing the 
level of the distorted signal and de- 
creasing the level of the local oscillator 

Receiver Requirements 

The receiver to be used must be 
selective enough to locate the carrier in 


^c"fmod 

Undistartad FM Spectrum 


AM Distorting Spectrum 


FM Spectrum with Effect of AM 
Figure 2. 

the presence of first-order sidebands 
for modulation frequencies down ro 
9 kc. Beating the RF signals to an IF 
carrier allows the use of a receiver with 
average selectivity. A receiver with ad- 
justable selectivity, such as che Ham- 
marlund SP-600, makes it possible to 
adjust the bandwidth as the modula- 
tion frequency varies. For example, with 
a 20 me carrier and a 10 kc modulation 
frequency, the receiver muse be able to 
distinguish the carrier <20 me) from 
the first-order sidebands ( 19-99 me 
and 20.01 me). Ar higher modulation 
frequencies, the spectrum components 
have wider spacing and the receiver 
bandwidth can be increased for easier 
tuning to the carrier and sidebands. 

The RF amplitude of the sideband 
carrier is indicated on a VTVM con- 
nected to the second detector output 
of the receiver, which should vary in 
a somewhat linear manner with the 
signal. The meter does not measure the 



Figure 2. Fidelity Measurement — 
Step 4 ttemralor Method 


absolute amplitudes of rhe carrier and 
sidebands, but it is used to set and 
march equal levels at the receiver in- 
put; therefore, its nonlinearity is nor 
too important to the measurement. 

Sideband-to-Carrier Ratio 

There are many ways to measure the 
sideband-to-carrier ratio, two of which 
will be discussed. The first, and prob- 
ably the fascer, shown in Figure 3, uses 
step attenuators to determine the amount 
of attenuation needed to reduce the 
carrier amplitude down to the sideband 
amplitude. This gives the ratio E,/E t 
directly in decibels. 

The second method (Figure 4) uses 
a reference generator operating at the 
Intermediate Frequency, matching its 
output level fas indicated on the 
VTVM), to the leveLs of the carrier 
and sidebands. 

Using either method, the modulation 
signal applied co the FM generator 
must be held at a constant amplitude 
over the range of modulation frequen- 
cies used. 

Setting Reference Deviation 

The modulation signal amplitude is 
set for each carrier frequency to be 
tested by making a Bessel Zero cali- 
bration for the reference deviation be- 
ing used. Usi.ng a frequency counter, 
set the frequency of the modulation 
source ( -hp- 650 A Test Oscillator). 
Tune che receiver to rhe carrier with 
no modulation, and then increase the 
amplitude of the modulation signal unril 
the desired order null occurs. The null 
can be detecred on rhe merer or with 
earphones using the receiver BFO. This 
amplitude of modulation signal will be 
used for the rest of the measurements 
and the results will be based on a 
known reference deviation. The refer- 
ence deviation can be set to 50 kc by 
setring the modulation signal amplitude 



Figure Fidelity Measurement — 
Reference Generator Method 
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for che second -order Bessel Zero ac 
modulation frequency of 9058 kc. 


f 




Af 

m 


50 kc 
5.520 


“ 9.058 kc 


a 


A/rer a Bessel Zero calibration is 
made for 50 kc deviation, it is now 
known thar ar a modulation frequency 
of approximately 10 kc, M X" volts of 
modularion signal gives 50 kc devia- 
tion. Now that the amplitude of the 
modulation signal has been set, the 
fidelity measurements can be made. We 
want to know how the deviation will 
differ from 50 kc for “X’' volts of 
modularion signal ar other modulation 
frequencies. 

Using Step Attenuators 

Referring to figure 3, rhe ratio 
Et/E< is determined by the amount of 
attenuation needed to reduce the car- 
rier amplitude to the amplitude of the 
first-order sideband. The step-by-step 
procedure for making [his determination 
is as follows: 

1. Calculate rhe theoretical value of the 
modularion index (m) for the devia- 
tion and modulation frequency being 
used. 

2. Using Figure IB, convert m to Ei/E* 
and set the step attenuators to a value 
at least 3 db greater than this value. 

3. Tune the receiver to rhe u n mod ula - 
laced carrier, 

4. Apply the modulation signal and 
adjust its level to the same value ob- 
tained for the reference deviation Bes- 
sel Zero. 

5. Adjust the receiver RF gain to give 
a convenient upscale reading on the 

VTVM. 

6. Tunc the receiver to a first-order 
sideband ( Fj,± f iunil ). 

7. Reduce the srep attenuator settings 
to give the same VTVM indication as 
for the modulated carrier. (The -hp- 
355C step attenuator has l db steps, 
however, rhe VTVM reading can be 
interpolated to ar least one-quarter db). 

8. The amount of attenuation removed 
to adjust the VTVM sideband indica- 
tion to the same indication as the car- 
rier, is the actual ratio, E]/E^ in decibels. 

9. This value, minus the theoretical 
value, is the departure of the signal 
source from a perfectly flat fidelity 
characteristic. 

10. Borh upper and lower sidebands 
should be checked to make sure the IF 
signal is properly limited and not dis- 
torted by AM. If the amplitudes of che 
upper and lower sidebands are within 
l db, the average can be used to deter- 


mine the ratio Et/E<- 

Checking the fidelity at f ruxl 500 

kc, and Af — 50 kc, might produce the 
results shown in the following example. 
Under these conditions the theoretical 
modulation index is 


m 


Af 


50 kc 
500 kc 


0.10 


from Figure 1 or Table 2, for m — 0.10, 
Et/Ec theoretically equals 0.05, or 
—26 db. 

The BRC Type 202J FM fidelity 
specification is ± 1 db from 5 cps to 
500 kc, therefore ar f moA = 500 kc and 
Af = 50 kc, a Et/E<- ratio of — 25 db 
to — 27 db would be within limits. 

Suppose the ratio Ei/E^ was — -26.5 
db. Since Figure I shows a nearly linear 
relationship between m and Et/E^ at 
low values, if Ei/E*. is one-half db 
(6%) low, m would also be 6% low. 
Then, the actual modulation index 
would be 0.094 compared to rhe theo- 
retical value of 0. 1. This means that 
"X' k volts of modulation, which gave 
50 kc deviation ar approximately 10 
kc, would not give 50 kc deviation at 
fmo.i — 500 kc. but would actually give 
6% less deviation or 
Af = - .094 x 500 kc = 47 kc 

Using a Reference Signal 

The reference generator method uses 
che same IF and procedure for deter- 
mining modulation signal amplitude. 
In this set-up, Figure 4, che calibrated 
output of che reference generator is 
matched to the carrier and sideband 
amplitudes. The step-by-step procedure 
follows. 


1. Calculate the theoretical value of m 
for che deviation and modulation fre- 
quency being used. 

2. Convert m ro E^/E c . 

3. Tune the receiver to rhe unmodu- 
lated IF carrier of the beating RP 
signaJs. 

4. Apply rhe modulation frequency 
signal and adjust its amplitude to che 
level obtained for the reference devia- 
tion by rhe Bessel Zero calibration. 

5. Adjust the receiver RF gain to give 
a convenient upscale reading on rhe 
VTVM. 

6. Switch rhe receiver to the Reference 
Generator ( tuned ro the carrier fre- 
quency ) and adjust the attenuator for 
rhe same vevm reading as in step 5. 
Note rhe attenuator secring. 

7. Switch back to [he Beating Gener- 
ators and nine the receiver to the first 
upper (or lower) sideband. 

8. Adjust rhe receiver RF gain and/or 


the VTVM range to gee an upscale 
indication. 

9- Switch ro the Reference Generator 
and tune it to rhe Sideband Frequency 
(Fir — fynoU- Adjust the Reference Gen- 
erator attenuator for the same VTVM 
reading as for [he sideband. (Note At- 
renuator Setting.) 

10. The ratio of the Reference Gen- 
erator attenuator settings (sideband 
amplitude divided by carrier amplitude) 
equals Ei/E. The difference in atten- 
uator settings (on rhe decibel scale) 
also equals Ei/R- in decibels. 

11. Borh upper and lower sidebands 
should be checked to make sure the IF 
signaJ is properly hmired and not dis- 
torted by AM. If the amplitudes of the 
upper and lower sidebands are within 
1 db, the average can be used to deter- 
mine rhe ratio Ei/E f . 

As an example, for f mni< — 200 kc 
and Af = 50 kc; m — 0.25. Referring 
to (he graphs in Figure 1 or to Table 
2, m = 0.25 results in a sideband-ro- 
cajrrier ratio (E ; /E, ) of 0.125 or — 18 
db. Therefore, if che modulated carrier 
amplitude equals 2 K jav (Step 6), the 
first-order sideband should equal 2K 
juv X 0. 125 — 250 juv (Seep 9). 

A fidelity specification of ^ 1 db 
at f moJ = 200 kc means che sideband 
will be within ± 12% of ics ideal 

values, or 220 to 280 /xv, with m — .25 
and 2 K gv carrier. Again, using [he 
linear approximation of Figure 1, sup- 
pose rhe rario of E|/E^ measured 0.120; 
4% below rhe desired value of 0.125 
at f n ,«i = 200 kc. In this case, m would 
also be 4% low, but foe "X" volts of 
modulation signal at f rno <i = 20C kc, 
the deviation would be 48 kc, or 4% 
less than the 50 kc deviation observed 
for "X" volts of modulation signal ar 
Lm — 10 kc 

CONCLUSION 


The numerical examples used in this 
article are based on measurements 
made on the BRC 202J Telemetering 
Signal Generator. However, che concept 
of the sideband amplitude method of 
measuring FM fidelity is applicable 
to any frequency -mod ula red signal or 
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EDITOR'S NOTE 

Q Contest Winner 

The Q of die coil displayed in the 
BRC booth at the 1963 IEEE show was 
3 1 3 » as measured on che BRC Type 
260- A Q Meter, Two estimates of 313 
were actually submitted: one by Mr. 
Seymour Krevsky of RCA Surfcom 
Laboratory, and the orher by Mjt. E. A. 
Zizzo of the Polytechnic Institute of 
Brooklyn. In accordance with our con- 
test rules, a drawing was made and we 
are pleased to announce that the winner 
is Seymour Krevsky. It is also interest- 
ing to note chat Mr Krevsky was a near 
winner in 1957 and again in 1959, when 
his estimates were just a shade off the 
acrual value. 

Nearly 1000 estimates were sub- 
mitted, ranging from zero to infinity. 
In addition to the 313 estimates, there 
were ten estimates within \% of the 


measured Q, A list of the persons who 
submitted rhese estimates is given 
below. 

Eslima/e Submitted By 

310 T, D. MacCouxi 

Budelman Electronics Corp. 
31L5 J. H. Humphries 

Western Elecrric Co. 

312 "Nick' - 

Tarry' Elecrronics 
312 D. Bickor 

Sperry Gyroscope Co. 

312 R. Laffeny 

Boon ton Electronics Corp. 

314 R. Dormagen 

E. Stanwyck Coil Co> 

314. 1 6 R Kilkenny 

RCA Lnsticure 
314.2 H. P. Hall 

General Radio Co, 

315 F. J. Logan 

NASA, Goddard Space 
Flight Center 


315 R. Haindel 

New York Universiry 
A photograph of the display coil is 
shown here for those Notebook readers 
who did not see ii at the show. The 
unusual configuration, consisting of two 
conical-wound coils wound inside a 
helical-wound coil, was devised by 
"Chuck” Quinn, BRC Sales Engineer. 



Q Contest Colt 




-ALBUQUERQUE, New Mexico 
NEELY ENTERPRISES 
6501 Lomas Blvd., N.E. 

Tel: (505) 255-5586 
TWX: 505-243-8314 
ASBURY PARK. New Jersey 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
1317 Railroad Ave. 

Tel: (201) 531-3150 
TWX: 20L-S31-1331 

^ATLANTA 5, Georgia 
BIVINS & CALDWELL, INC. 
OHO Maple Drive. N.E. 

Tel: (404) 233-1141 
TWX: 404-201-4720 

BALTIMORE. Maryland 
HORMAN ASSOCIATES, INC. 
3006 W. Cold Spring Lane 
Tel: (301) 664-4400 
^BOSTON. Massachusetts 
YEWELL ASSOCIATES, INC. 
Middlesex Turnpike 
Burlington, Mass. 

Tel: (617) 272-9000 
TWX: 617-272-1426 

^CHICAGO, Illinois 
CROS5LEY ASSOCIATES, INC. 
2501 W. Peterson A ve. 

Tel: (3L2) 275-"l600 
TWX: 312-222-0311 
^CLEVELAND. Ohio 
S. STERLING COMPANY 
5827 Mayfield Road 
Tet: (216) 442-8080 
'DALLAS. Texas 
EARL LIPSCOMB ASSOCIATES 
3605 In wood Road 
Tel: (214) 357-1881 
TWX: 214-899^8541 
*DAYT0N, Ohio 
CROSSLEY ASSOCIATES. INC 
2801 Far Hills Ave. 

Tel: (513) 299-7002 
TWX: 5L3-944-0090 
^DENVER, Colorado 
LAHANA & COMPANY 
1886 South Breadway 
Tel: (303) 733-3791 
TWX: 303-292-3056 
«DETROn\ Michigan 
S. STERLING COMPANY 
21250 10-1/2 Mile Road 
Southfield, Michigan ' 

Tel: (313) 442-5656 
TWX: 313-357-4615 


ENGLEWOOD, Mew Jersey 
RMC SALES DIVISION 
Hewlett-Packard Company 
391 Grand Ave. 

Tel: (20L) 567-3933 

HARRISBURG, Pennsylvania 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
Park Place Office Bldg. 

Camp Hill, Penna, 

Tel: (717) 737-6791 

^HARTFORD, Connecticut 
YEWELL ASSOCIATES, INC. 
589 Say brook Road 
Middletown, Conn. 

Tel: (203) 346-6611 
TWX: 203-346-7433 

* H JGH POINT, North Carolina 
BIVINS & CALDWELL, INC. 
1923 North Main Si. 

Tel: (919) 882-6873 
TWX: 919-883-4912 

♦HOUSTON, Texas 
EARL LIPSCOMB ASSOCIATES 
382 S Richmond Ave. 

Tel: (713) 667-2467 
TWX: 713-571-1353 

HUNTSVILLE, Alabama 
BIVINS &l CALDWELL. INC. 

Tel: 205) 881-4591 
TWX: 205-881-1633 
♦INDIANAPOLIS, Indiana 
CROSSLEY ASSOCIATES, INC. 
3919 Meadows Drive 
Tel: (317) 546-4891 
TWX: 317-635-4300 

KANSAS CITY, Missouri 
HARRIS-HANSON CO. 

7916 Paseo Blvd. 

Tel: (816) 444-9494 
TWX: 816-556-2423 

LAS CRUCES, New Mexico 
NEELY ENTERPRfSES 
114 Soulh Water St. 

Tel: (505) 526-2486 
TWX: 505-524-2671 

♦LOS ANGELES, California 
NEELY ENTERPRISES 
3939 Lankershim Blvd. 

North Hollywood. CaL 
Tel (213) 877-1282 
TWX: 213-769-4660 


♦MONTREAL, P.Q., Canada 
HEWLETT-PACKARD (CANADA) LTD. 
8270 Mayra nd St. 

Tel: (514) 735-2273 

•NEW YORK, New York 
RMC SALES DIVISION 
Hewlett-Packard Company 
236 East 75th St. 

Tel: (212) 879-2623 
TWX: 212-867-7136 
ORLANDO, Florida 
BCS ASSOCIATES. INC. 

601 N. Fern Creek Ave. 

Tel: (305) 241-1091 
TWX: 305-275-0422 

OTTAWA, Ontario, Canada 
HEWLETT- PACKARD (CAN A DA) LTD. 
1762 Carling Ave. 

Tel: (613) 722-8162 
* PHILADELPHIA. Pennsylvania 
ROBINSON SALES DIVISION 
Hewlett-Packard Company 
144 Elizabeth St. 

W. Conshohocken, Penna. 

Tel: (215) 248-16 00 
TWX: 215-828-3847 
*PHOEN(X, Arizona 
NEELY ENTERPRISES 
771 S, Scottsdale Rd. 

Scottsdale, Ariz. 

Tel: (602) 945-7601 
TWX: 602-949-0111 
'PITTSBURGH, Pennsylvania 
S. STERLING COMPANY 
4232 Brownsville Rd. 

Tel: (412) 884-5515 
PORTLAND, Oragon 
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Precision Peak Power Measurements With The 
Peak Power Calibrator 

G. RAYMOND POLEN, Development Engineer 



Figure )< Type 3900A Peak Power Calibrator 


INTRODUCTION 

The need for accurate measurements 
of peak RjF power of pulsed sources, 
while having existed for over a score of 
years, has prompted surprisingly little in 
the way of simple reliable commercial 
equipment for performing the task To- 
day wirh the increasing number of 
electronic systems such as radar, air 
navigation, telemetry, communications, 
command and control, television, radio- 
sonde, and many others depending on 
pulsed RF signals, the need is greater 
than ever. Yet, in many instances, the 
systems engineer must devise his own 
method of peak power measurement. 
While some of these systems are fairly 
accurate, they are generally time con- 
suming and expensive and often com- 
pletely unsuitable for high volume or 
production line measurements. The 
time factor is an important one, nor 
only from the viewpoint of lime effi- 
ciency, but from the viewpoint of ac- 
curacy, for it i$ axiomatic in this type 
of measure meric that time and error are 
quite directly related. Other criticisms 
of current methods have been that they 
exhibit a high degree of temperature 
sensitivity and a rather unwieldy pro- 
cedure for recaii bra cion. 


YOU WILL FIND . . . 


Precision Peofc Power Measurements 
With The Peak Power 

Calibrator . 1 

tow Level Meoturenreors Using The 
Signal Generator Power 

Amplifier 5 

Me*# Our Representatives - RMC .... 7 
Editor 1 * Note - Q Meter Award 6 


The techniques of CW power meas- 
urement have been quite steadily 
advanced over the years and to take 
advantage of this, peak power measure- 
ments are often a correlation process 
in which the performance of a device 
under the application of pulsed RF 
power is calibrated to a characteristic 
it exhibits upon application of a known 
Cw power level 

DEFINITION OF PEAK POWER 

Occasionally there is some confusion 
in formulation of a concept of whac 
peak power actually is. A relationship 
accepted by groups working in the 
field is; 

F uVe ’ -P pcnl* X Duty Cycle. 


Duty cycle is the fractional time a 
pulsed source is aimed om If the source 
were turned on 100% of the time, the 
duty cycle would be 1 and peak power 
and average power would be equal. 
Peak power, there could be explained 
as the average power chat would exist 
if the pulsed source were left on all the 
time. It is nor rhe instantaneous peak 
power or envelope peak power that 
exists at rhe peak of the RF voltage 
waveform. Assuming a sinusoidal CW 
source with an average power of 1 
watt, the peak power rating of the 
source is 1 watr also. Tf the source is 
turned off 50% of the time, the average 
power will be Vi watr, whereas the peak 
power rating remains 1 watt. 






BOONTON RADIO COMPANY 


THE BRC NOTEBOOK is pub- 
lished three times a year by the Boon ton 
Radio Company . a Division of Hewlett- 
Packard Company. It is mailed free 
of charge to scientists, engineers and 
other interested persons in the com- 
munications and electronics fields. The 
contents moy be reprinted only with 
written permission from I he editor. 
Your comments and suggestions arc 
welcome, and should be addressed to: 
Editor , THE BRC NOTEBOOK, 
Boon ton Radio Company , Green Pnnd 
Rd-, Rock away, N. J. 


METHODS FOR MEASURING 
PEAK POWER 


Rearranging factors )□ the original 
equation: 


P 


peak 


Duty Cycle 


From this equation, it is apparent that 
one method of pursuing the problem of 
peak power measurement is to measure 
average power and dury cycle and corre- 
late the two. While average power can 
be measured with a fair degree of con- 
fidence, duty cycle cao become an 
elusive parameter. Measurement of duty 
cycle requires that a decision be made 
as to when a source is "on" and when ir 
is “off'. In some systems employing 
complex waveshapes, this can be an 
arbitrary decision if left up to electronic 
circuitry. In our air navigation distance 
measuring systems (DME), for ex- 
ample, employing a gaussian shaped 
pulse, when should it be decided that 
rhe pulse if ’off”? In a television sys- 
tem, where intelligence is being trans- 
mitted by borh time and amplitude 
modulation of the pulsed source* chere 
is a similar or even more demanding 
problem. A versatile peak power meas- 
uring system must not leave the deter- 
mination of duty cycle up to the un- 
imaginative mind of electronic circuitry, 
because the possible errors due to vari- 
ations in pulse width, rate, or shape are 
coo great. 

Consider, then, another means of 
determining rhe peak power of a pulsed 
RF source. For a sinusoidal CW source 
it is generally agreed that: 


lw (.707E„ 5ik )- 


R* R«j 
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As mentioned before, rhe average power 
and peak power of a source are equal 
if the duty cycle is I. Thg voltage 
waveforms, then, must be identical for 
the duration of rime the source is turned 
on, assuming a system of constant 
characteristic impedance or R«. The peak 
voltage of the CW mode will be the 
same as the peak voltage when the 
source is pulsed, even though this is 
not the parameter to be measured. It is, 
however, a means of correlation between 
the two. Employing a device known as 
the peak detector, we have an dement 
which will respond identically for a 
duration of time to both a CW and a 
pulsed source of the same power rating. 
While elements such as a bolometer 
may respond quite differently to rhe 
two, depending on the heating effect, 
the peak detector does nor. This is 
the principle of the Boonron Radio 
Company Type 8900 A Peak Power 
Calibrator. 


and to bring it away from the square- 
law region to produce a somewhat more 
linear change in output voltage for a 
change in the appied RF level. As the 
diagram indicates, a variable dc supply 
is included also. The output of rhe 
supply is connected to a dc meter, which 
monitors its voltage, and to one leg of 
a mechanical chopper. If the chopper is 
set in operation and its selecting arm is 
connected to an oscilloscope, one can 
look, first at the dc level produced by 
rhe peak detector in response to an RF 
voltage, and then at the dc level from 
the variable supply. In operation, the 
supply is adjusted until the rwo voltages 
are exactly equal. The dc merer monitor- 
iog the output of rhe variable supply 
has been calibrated in terms of RF level 
required to produce a given dc from 
thr peak detector and hence peak RF 
power can be read from it directly. 
CW power, of course, is correctly indi- 
cated also, since the calibration is in 



Figure 2. Block Diagram - Type 8900A 


TYPE 8900A PEAK POWER 
CALIBRATOR 

Figure 2 is a block diagram illustra- 
ting the basic operation of the 8900A. 
Ir can be seen that a signal applied to 
the front panel input connector is sent 
through rwo paths by virtue of the 
power divider. In one parh, the signal 
passes through a 10 db attenuator and 
is absorbed in a 50 -ohm termination. 
In the other path, the signal arrives ar 
a diode peak detector which develops 
a dc level equal to che peak voltage of 
the RF waveform applied to it. The 
diode is forward biased to bring it to 
an operating point of maximum stability 


terms of rhe peak voltage waveform. 

The peak detector has a very im- 
portant job, and if it does not do this 
job well, errors will be introduced. The 
output capacitor must be charged to 
the true peak of the waveform wirhin 
the duration of the pulse, though not 
necessarily on the first cycle of the RF 
carrier. It may charge up in sraircase 
fashion over a period of several cycles, 
but must reach the peak before a 
measurement is made. The 8900 A 
specification states that 0.25 gs should 
be allowed for this, although 0.10 fis is 
typical with normal cable lengths and 
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oscilloscopes connected to the video 
output. Since no isolating amplifier is 
employed, extremely high external 
capacitance could increase [he time re- 
quited for the video output to rise to 
rhe true peak of the voltage waveform. 
The impedance of the output circuit is 
approximately 150 ohms. The peak 
detector also has a responsibility to 
remain fairhful at low RF carrier fre- 
quencies. Ir must not start to discharge 
while it is waiting for the crest of the 
next cycle of the RF voltage waveform 
to appear. If it falls by even a few per 
cent, the dc output level, within the 
duration of the pulse, would be lower 
than the rrue RF volrage peak and an 
error would be introduced. The S900A 
was designed ro meet its accuracy 
specification at carrier frequencies down 
to 50 me and has been found capable 
of doing this. The preliminary catalog 
lower limit of specification was placed 
at 150 me as a gesture of conservatism. 
In a like manner* the preliminary spec- 
ification of upper frequency limit is 
1500 me, although all units tested have 
been found to be within rhe accuracy 
limit up to 2.0 Gc. 

Figure 1 is a photograph of the front 
panel of the 8900 A. The 5 Vs inch meter 
actually occupies almost rwo-diirds of 
rhe front panel and was included to 
enable the user to rake full advantage 
of the accuracy and stability of the 
instrument with readout easily to 0.1 db. 
Meter cracking accuracy and repeat) bil- 
tcy are of necessity a tightly controlled 
characteristic of the unit. A front panel 
'’NULL” control is included to permit 
the user to "erase” the static dc bias on 
the diode from the video presentation. 
While this control need not be reset for 
a repetitive series of measurements* it 
gives the operator a range of adjust- 
ment to compensate for any possible 
long term aging effects on the diode. 
This adjustment is made with the 
function witch in the ”CAL” position. 
In this position* also* a voltage divider 
from the reference power suppy applies 
a preset voltage to the dc merer to 
deflect the needle to a calibration mark. 
This was included to give the operator 
confidence that the dc meter and power 
supply are operating properly should 
he question it at any time during a 
measurement. It should be noted, how- 
ever* that unlike some measuring sys- 
tems* the reference supply is not really 
a critical parameter in die measurement 


because it is being used orJy for com- 
parison rather than as an absolute ref- 
erence for the measurement. The meter 
calibration is the absolute reference. 

Now consider fhe signal path which 
attenuates the incident power and dis- 
sipates the remainder in a 50-ohm load. 
This is provided as a convenient means 
of calibrating ox standardizing the in- 
strument, If the 50 -ohm load is replaced 
by an accurate CW power measuring 
device such as a bolometer or calori- 
meter* and a CW source is connected 
to rhe input connector, the effect of the 
applied power level can be monitored 
On rhe average reading CW standard 
and the peak reading diode detector 
simultaneously. Therefore, one need only 
to know accurately the attenuation be- 
tween rhe front panel input connector 
and the CW standard to determine what 
effect a known power level at the input 
has upon [he peak RF detector. The 
10 db pad was introduced merely to 
reduce the CW level co one within the 
range of several commercially avaiable 
standards. The -hp- 431 Power Meter, 
with the 478 A Bolometer or the -hp- 
434 Calorimeter, are quite satisfactory 
for this application. The CW source 
requirements also are met by readily 
available units. 

A basic objective of the 8900 A is to 
provide a peak power measurement in- 
strument of sufficient accuracy to serve 
as a working standard, without the usual 
rigorous limitations of standards labora- 


tory equipment. The high quality for- 
ward-biased diode is an order of magni- 
tude more stable environmentally than 
rhe uncompensated bolometer or calori- 
meter, Operator skill level, also, has 
been reduced to absolute minimum. The 
objective then is to "capture" 1 the estab- 
lished accuracy' of known standards and 
to faithfully repeat this knowledge 
under a much more demanding set of 
conditions. 

While the specified accuracy of the 
BRC 8900 A Peak Power Calibrator is 
±0.6 db, when frequency correction is 
applied* it should be explained that 
utilization ro a higher degree of 
accuracy, by virtue of irs inherent 
stability* is both practical and recom- 
mended. The ±0.6 db figure is based 
on absolute worst case error without 
benefit of some error theories which 
propose a probable error as the RMS 
value of the worst case. The worst case 
error is also based on a minimum of 
standards equipment to perform a cali- 
bration. With high qualiry standards 
laboratory type equipment for calibra- 
tion* operation ro about a ±0.3 db 
worst case error is considered practical. 
Major potential sources of error are in 
the measure menc of rhe arte filiation 
path from rhe input connector to the 
CW standard output connector and 
error of the CW standard itself. Ocher 
worst case errors included in the 8900A 
analysis are: 

L. Input VSWR reflection error. 

2. Meter tracking and repearibility 

error. 


PEAK POWER CALIBRATOR 
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3. Operator readout error. 

4. Possible errors due to aging of the 
detector diode. 


The aging error is included as a safety 
factor. Calibration checks of two proto- 
type units, which had been in constant 
use for 6 months, exhibited less than .03 
db discrepancy when rechecked at the 
end of that period. This amount of 
discrepancy could be attributed to any 
of rhe other errors first mentioned, but 
in a conservative evaluation, possible 
effects of aging must be considered. 
Provisions for recalibration permit the 
user to connect the standardizing 
equipment quite easily to external 
connectors on the instrument. Should 
field replacement of the detecror diode 
become necessary, internal adjustments 
have been incorporated to permit ad- 
justment of the front panel meter to 
accommodate its particular idiosyncra- 
sies without necessity for an additional 
correction curve. A frequency correction 
curve is necessary when working to the 
highest degree of accuracy to remove 
errors due to the frequency sensitivity 
of the power divider diode detector, 
10 db attenuator, and type N connectors. 
Without frequency correction, overall 
accuracy is conservatively rated at ±1.3 
db over the specified frequency range. 
Figure 3 illustrates a typical individual 
frequency correction curve which can 
be supplied wirh the 8900A. 

It is possible, rhea, to standardize the 
8900 A with a CW source, a C\V power 
standard, and an oscilloscope. The pro- 
cedure permits calibration at aQy fre* 
queocy desired, and the user need not, 
as in some instruments, standardize 
at dc and wonder what the instrument 
is actually doing at a proposed measure- 
ment frequency. 

A basic factor in rhe philosophy of 
the 8900 A is that of actual observation 
of the pulse waveform during rhe 
measurement. While this requires the 
use of a suitable auxiliary oscilloscope, 
it was considered important in the re- 
duction of subtle errors; some of which 
are variations in pulse width, rare, or 
shape, as previously mentioned. Tt has 
an inherent advantage, however, in 
permitting measurement of intermediate 
levels of power in a complex waveshape. 
The operator may ignore characteristics, 
such as overshoot, if they contribute 


nothing to the effectiveness of his sys- 
tem or he may measure them as he 
chooses. In some applications, the user 
may be monitoring the effectiveness of 
a system at rhe time the measurement 
is made in an effort co correlate system 
performance to peak RF power. It then 
becomes important that he verify the 
output power has not changed by even 
a few tenths of a db at the time of the 
reading. Some frequently useful methods 
of peak power measurement have rhe 
disadvantage that the operator scops 
looking at the waveform at the precise 
moment of measurement, which is rhe 
most important time of all. A typical 
oscilloscope display from rhe 8900 A 
during a measurement is shown in 
Figure 4. 



figure 4. Typical Oscilloscope Display - 
Type S900A 


While rhe 8900 A has a basic range 
of 200 mw full scale, it was designed 
with the imenrion that higher power 
measurements would be desired. Use of 
a high quality attenuator or directional 
coupler at the input will provide higher 
scale ranges. The directional coupler 
can provide an “in line" measurement 
with the source delivering useful power 
to an external load, thus providing a 
continuous monitoring capability. The 
accuracy of the external attenuating 
device is necessarily a factor in the 
overall accuracy of the measurement. 
If, for example, the 8900 A were cali- 
brated ro an accuracy of ±0.4 db, and 
a range extending 40 db atrenuacor 
known to an accuracy of ±0.2 db were 
added co its input, accuracy of the over- 
all measurement would be ±0.6 db. The 
accuracy of the measurement, reduced 
to its basic meaning, is really the degree 
of confidence that the operator has in 
the measurement and this confidence 


can come only from a thorough under- 
standing of the theory and practical 
limitations of the measuring system. 


CONCLUSION 

In conclusion, the 8900 A is BRCs 
approach ro the general problem of 
accurate peak power measurement. Its 
basic features are high stability, ease of 
standardization, and elimination of 
some of the subtle errors of many 
present-day systems. Its ch ar acre ri sties 
have been conservatively rated and it is 
recommended thar the user fully under- 
stand the theory of operation and 
knowledgeably apply it to measurement 
applications, especially where his re- 
quirements demand greater than sped* 
fied accuracy. The complete specifica- 
tions for the 8900A are given below. 


SPECIFICATIONS 

Radio Frequency Measurement 
Characteristics 

RF RANGE: 150 to 1500 MC 
RF POWER RANGE: 

200 mw* peak full scale 
*may be readily increased through 
use of external attenuators or 
directional couplers 
RF POWER ACCURACY: ± 1.5 db* 

*± 0.6 db with custom 
calibration curve 
RF POWER PRECISION: ± 0.1 db 
RF PULSE WfDTH: > 0.25 aSeC 
RF REPETITION RATE: 1.5 MC maximum 
RF IMPEDANCE: 50 Ohms 
RF VSWR: < 1.25 
Physical C ho roc tort sties 
MOUNTING: 

Cabinet for bench use; readily 
adaptable for 19" rack mounting 

FINISH: 

Gray engraved panel: green cabinet 
{Other finishes available on 
special order) 

DIMENSIONS: 

Height 6-1/8" Width 7-3/4" 

Depth 11" 

WEIGHT: Net: 10 lbs. 

Power Requirements 

8900A : 105-125/210-250 volts, 

50-60 cps 
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Low Level Measurements Using the 
Signal Generator Power Amplifier 

CHARLES W. QUINN, Sales Engineer 


The normal app Li car ions of the 250A 
Power Amplifier (Fig. 1) have been 
discussed in Notebook Number 32* 
Because of rhe choice of amplifier 
rubes, the noise figure of this new 
versatile amplifier is in the order of 
6 to 8 db. Further, for most of the 
range, the noise figure is closer to 6 db. 
This feature opens another field of 
application — Low Level Measurements. 
Ic is the purpose of this article ro discuss 
the many ways this power amplifier 
can be utilized in low level work. 



Figure I. Type 2 30 A Sign at Generator Power Amplifier 


TUNED MICROVOLTMETER 

One of rhe most useful applications 
is rhe wedding of the 230A with an 
HP 4 1 1 -A BF Mill! voltmeter. The 
4 11- A is connected as shown in Fig. 2> 
without a termination, but driving into 
the high impedance probe. Stub tuning 
at the output may improve rhe gain and 
VSWR at some frequencies. U cider these 
conditions, rhe 230A will provide ap- 
proximately 40 db of gain. The result 
is thar full scale maximum sensitivity 
(which is normally 10 mv) is now 
approximately 100 juv, and 10 /av can 
be observed with ease. This configura- 
tion can be used to detect leakage and 
for harmonic analysis, using substitution 
to determine the gain at the frequency 
of operation. In this application it is 
possible to measure approx i matey 80 db 
of insertion loss with I voir as a source 
voltage. 


PREAMPLIFIER FOR 
FREQUENCY COUNTERS 

When used in combination with the 
HP 324 and the 5243L and 5245L 
series counrers with appropriate con- 
veners, the 2 30 A Power Amplifier can 
make direct counter measurements pos- 
sible with signal levels approx imatt ly 
30 to 40 db below normal counter 
requirements. 


"OFF THE AIR" MEASUREMENTS 

This application is especially useful 
when it is desirable ro make transmit- 
ter measurements without interrupting 
transmission, when direct connection to 
transmission line is not desirable, or 
when the output of the transmitter is 
too low for normal measurements. In 


cases where direct connections are not 
made, an antenna may be substituted 
and remote measurements made up to 
several miles, depending upon ibe 
radiated power. (See Fig. 3.) 

There are some precautions which 
should be taken in this application. 



figure 2. Tuned MrcrOV.o/rni£ter Sefup with Stub Tuning 




Figure 3. Sefup for Remofe Frequency Monitoring 
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Figuie 4. Se/up for Leakage Detection 


1. The effects of noise and modulation 
should be considered. 

2. For AM signals, the negative modula- 
tion peak must nor go below the 
triggering level. 

3. For FM, the period must be suffi- 
ciently long for good averaging. 

4. Even-order distortion, or carrier shift 
under modulation will be observed. 

5. The absolute value of the peak noise 
voltage must be less than the trigger- 
ing uncertainty, or hysteresis value. 

6. The measurement must be made in 
rhe absence of interfering signals to 
the extent of rhe above noise li mira- 
tion. 


7. It is most desirable to check fre- 
quency at aero modulation. 

RF LEAKAGE DETECTION 

In the design of RF equipment, it is 
often necessary to detect very small sig- 
nals, much less than l jutv, usually picked 
up on a standard loop. When the fre- 
quencies involved get above 30 me, it 
is quite common to use a good com- 
munication receiver as an TF amplifier 
and precede it with a broadband mixer. 
Normally, the insertion loss of the 
mixer will degrade the 10 db signal-to- 
noise ratio to approximately 10 to 20 
/mv. Adding the 230A Power Amplifier, 


as shown in Figure 4, will improve this 
figure to .2 to .5 /av for rhe same band- 
width of approximately 10 kc. 

RECEIVER DESIGN 

In the early stages of receiver design, 
the 230A Power Amplifier has numer- 
our applications; 

L In the development of rhe IF ampli- 
fier stages, rhe 230A can serve as a 
temporary front end or RF pre- 
selector. 

2. lr can be used to provide high levels 
for limiters and detectors at IF fre- 
quencies above 10 me. 

3, It can be used to increase the outpuc 
of a signal generator to determine 
proper mixing levels, thereby optim- 
izing mixer gain and noise figure. 

CONCLUSION 

The 230A Power Amplifier is an ex* 
tremely versatile instrument, capable of 
amplifying very small signals, as well as 
providing Urge signals, greater than 10 
volts, for high level measurements with 
moderate input levels. With rhese fea- 
tures ir becomes a valuable laboratory 
tool and also has many applications in 
rhe production line. 


BRC CUSTOMER SERVICE DEPARTMENT 


In Order to offer improved service on 
repairs, accessories, and replacement 
parrs, BRC has established a Customer 
Service Department which will operate 
as pan of our Sales organization. Tine 
new department is staffed with person- 
nel highy skilled in the repair and serv- 
icing of the complete line of BRC 
equipment. 

Under the direction of Ray Tatman, 
rhe department is responsible not only 
for the scheduling and processing at the 
factory of repair instruments, but for 
handling all communications with our 
engineering representatives and custom- 
ers regarding field repair and servicing 
of BRC instruments. Much of this com- 
munication will be handled by means of 
special '"Service Notes'’ which will be 
issued periodically by Ray ro keep BRC 
Engineering Representatives and cus- 


Ray Tatman, head of the new opera- 
tion, comes ro BRC from the Hewlett- 
Packard Company in Palo Alto, Cali- 
fornia, where he spent two and one-half 
years in rhat Company's Customer Serv- 
ice Department. Ray, who hails from 
OrovLUe, California, attended Chico State 
College from 1949 to 1951 where he 
studied accounting and business admin- 
istration. From 1951 to 1955 he served 
as an electronic technician in the U. S. 
Navy. la 1959 he received his degree in 
Electronics Engineering from California 
State Polytechnic College in San Luis 
Obispo, California. 

The basic objective of the Customer 
Service Department is to provide the 
best possible service to our customers. If 
you have any questions regarding serv- 
ice, calibration, or repair, please do not 
hesitate to call or write us. 



Ray Talman 


tomers posted with the latest servicing 

information. 



* 
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DON'T MODIFY 
YOUR RX METER YET 

In a Service Note on Page 7 of Note- 
book Number 31, a new method was 
described for modifying the Type 250-A 
RX Meter which would provide for 
both a reduced signal level and in- 
creased sensitivity. It has since come 
ro our attention that a number of in* 
srruments, modified in accordance with 
the instructions given, would no Longer 
meet factory specifications. The call* 
brated oscillator frequency in these in- 
struments changed beyond the specified 
±1% limits and, in some cases, addi- 
tional RF leakage occured which pre- 
vented bridge balance above ISO kc 

In view of these problems, we are 
recommending rhe discontinuance of 
this modification until such time as the 
problem is resolved. Work is being con- 
tinued toward a solution to the problem 
and additional information will be pub- 
lished as soon as it becomes available. 


ELECTRONICS, ELECTRONICS, 
EVERYWHERE 

Over die years, BRC has received in- 
quiries at rhe IRE show from a number 
of unusual organizations; sources which 
one might not readily associate with die 
eJectronic instrumentation field. This 
year, we did it again. A request for in- 
formation about BRC equipment was 
received from the Dept, of Pediatrics, 
University of Washington, Seattle, 
Washington. 


202H and 202J Instruction 
Manuals Now Available 

The final instruction manuals for the 
Types 202H and 202 J Signal Genera- 
tors are now available. Included in the 
manuals are complete calibration and 
maintenance data, and parts lists. Copies 
of die manuals are being distributed 
through the BRC Engineering Repre- 
ss natives’ offices. If you own a 202 H 
or 202 J and have noc received your 
copy of the new instruction manual, 
contact our representative nearest you 
for your copy. Addresses and telephone 
numbers of our Representatives are 
given on Page 8 of this issue. Requests 
should include name of department and 
person to whom manual should be 
mailed. 


MEET OUR REPRESENTATIVES 

RMC Soles Division 


One of tbe newest members of the 
BRC sales family is tbe RMC Sales 
Division of the Hewlett-Packard Com- 
pany ( formerly RMC Associates) . RMC 
has two offices and handles BRC equip- 
ment sales in the Metropolitan New 
York City and Northern New Jersey 
areas. The Division’s main office is 
located at 236 East 75th Street. A 
branch office is located at 391 Grand 
Avenue in Englewood, New Jersey. 

RMC was founded in 1953 by Robert 
Asen, Milton Lichtenstein, and Charles 
Sargeant, all of whom were previously 
with Burlingame Associates as Field 
Engineers. Charles Sargeant has since 
retired. Robert Asen is Manager of rhe 
new Division and Milt Lichtenstein is 
Sales Manager. Rod Foley is Manager 
of the Englewood Branch. 



Robtrt A$en, RMC Manage/ 


The organization has an efficient and 
skilled technical staff consisting of eight 
Field Engineers, who are equipped to 
provide complete engineering service 
on our products; three Staff Engineers 
who are responsible for inside sales 
functions and provide "on-the-spot” 
technical assistance to customers; and a 
Customer Service Department which 
provides complete repair and recalibra- 
tion services on all Hewlett-Packard in- 
struments. An extensive stock of spare 
and replacement parts is also available 


to provide local service to customers. 

We are proud to welcome RMC imo 
the BRC family and invite all of our 
customers in the New York/ Northern 
New Jersey area to contact them for 
complete information on BRC products. 



{.ftMenstein, RMC Sofa* Manoger 



New York City Headquarters - RMC 
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EDITOR'S NOTE 
Q Meter Award 

Seymour Krevsky, winner of che in- 
creasingly popular Q estimating con- 
rest> held each year at the IEEE show* 
was presented with a Type Jl60-A Q 
Metex by BiU Myers, General Manager 
of BRC. With near winning estimates 
in both 1957 and 1959, Mr. Krevsky 
is proving to be a perennial threat in 
the competition. 

Mr. Krevsky received his B.S.E.E. 
from Newark College of Engineering 
in 1942 and his M.S.RE, from the same 
college in 1950. He is currently studying 
for his doctorate at Polytechnic Inst ini re 
of Brooklyn. 


In 194 A Mr. Krevsky entered the 
service as a member of the technical 



Seymour Krevtlcy 


staff of the Aircraft Radio Laboratory 
at Wright Field, Dayton, Ohio, where 
he performed studies on measurement 
techniques of parasitic FM in AM signal 
generators and in pulse modulated sys- 
tems. Since that time he lias done de- 
velopment and research work at the 
Coles Signal Laboratory and USARDL, 
and is presently engaged in advanced 
communications systems analysis and 
synthesis at the RCA Surface Communi- 
cations Systems Laboratory. 

Mr. Krevsky is a senior member of 
che IEEE, PGCS, PGAP, and PGMTT. 
He has had numerous articles published 
in IRE and SCEL pubications, and was 
written up in "Who’s Who in Engineer- 
ing v ’ in 1958 and 1962. 
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A New System for Calibrating DME and ATC 

JAMES E. WACHTER, Senior Production Engineer 


INTRODUCTION 

With the number of jet aircraft 
flights continually increasing, since 
their inauguration in I960, it has be- 
come necessary to augment tbe exist- 
ing VOR (Visual Omni-Range) and 
ILS (Instrument Landing System) 
navigational aids with two new so- 
phisticated systems; DME (Distance 
Measuring Equipment) and ATC 
(Air Traffic Control). Boonton Ra- 
dio, with an established line of spe- 
cialized instrumentation for the de- 
sign, test, and calibration of air- 
borne VOR and ILS equipment, and 
recognizing the need for the same 
type of instrumentation in conjunc- 
tion with the DME and ATC air- 
borne equipment, has designed tbe 
8925 A DME/ ATC Test Set (Figure 
1) for this purpose. A block diagram 
of the Test Set is shown in Figure 2. 

PURPOSE OF DME AND ATC 

In brief, DME provides the pilot 
of an aircraft with a read-out of his 
distance in mites from a given ground 
station. In addition, DME equip- 
ment, used in pairs or in conjunc- 
tion with VOR equipment, can give 
the pilot his exact location on a con- 
tinuous basis, avoiding separate 
measurements for triangulation and/ 
or calculation. ATC provides ground 
control personnel with positive indi- 
vidual identification and location of 
aircraft within their area. 
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figure ]. Type B975A DME/ ATC Tost &£» 


Both the DME and ATC systems 
function through the exchange of 
pulse coded information between the 
airborne and ground stations. The 
pulse coding, plus tbe time delays as- 
sociated with transmission and re- 
ception, constitutes the information. 
In the case of DME, the airborne 
equipment interrogates the ground 
station which, in turn, replies. In the 
ATC system, the ground station in- 
terrogates the airborne equipment. 

TYPE 8925 A DME/ ATC 
TEST SET 

The basic concept of the 8925A 
Test Set was that it should be, in 
essence, a calibrated precisely con- 
trollable, low power, ground station. 
The minimum characteristics of the 
station were to be those as specified 
by the cognizant authorities for a 
DME and ATC ground station and 


for checking out airborne DME/ 
ATC equipment. 1 

Analysis of the requirements led to 
the conclusion that existing <f tried and 
proven” test instruments were avail- 
able which, when assembled in build- 
ing block fashion, could provide the 
basis of the calibrated pulsed RF 
source and a means of measuring the 
airborne transmitter peak power. 
With modification of some of these 
units, the exact requirement could be 
met. Having established this course, 
there remained to devise means of 
measuring the ATC airborne trans- 
mitter frequency, interconnecting the 
Test Set components, connecting to 
the equipment under test, and moni- 
toring the various signals involved. 
This was accomplished by the devel- 
opment of two new specialized test 
instruments: the BRC 8905 A Wave- 
meter to measure the transmitter fre- 
quency and the BRC 13505A Iso- 
lator-Monitor to provide the required 
interconnection, isolation, and moni- 
toring facilities. 

Signal Generator 

The basic CW RF signal is gen- 
erated by a Hewlett-Packard HOl- 
86 14 A Signal Generator. This instru- 
ment is a slightly modified version of 
the standard production unit. The 
frequency range is restricted to 950 
to 1250 me in order to optimize the 
characteristics over this range, and 
the attenuator calibration is offset to 
compensate for system losses. The 
modifications are minor and the in- 
strument can be readily returned to 
its original state. The generator in- 
corporates automatic leveling of the 
RF signal which permits tuning over 
the entire frequency range with no 
adjustment of level required. The at- 
tenuator dial is calibrated to read di- 

1 ■ See Reference* at end of article. 
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illation is essentially independent of 
frequency and. in actual use, when 
set at one frequency, willhold across 
the entire frequency range of 950 to 
1250 me. 

The video signals required to ac- 
tuate the H03-87I4A Modulator are 
derived from equipment external to 
the 8925A Test Set, such as the Col- 
lios 578D-1 Test Set (DME) or 
578X-1 Test Set (ATC), These units 
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Figure 2 „ fi/oefc Diagram — Type 39254 DME/ ATC 7 eel Sef 


rectly the system output into 50 ohms 
over the range of —10 to —120 dbm. 
The generator contains an internal 
modulator which employs PIN diodes 
as essentially Tesistive modulator ele- 
ments. The frequency controls per- 
mit adjustment to within 50 kc as the 
frequency is simultaneously moni- 
tored and displayed by an -hp 5245L 
Frequency Counter in combination 
with a 5254A (3.0 Gc) Frequency 
Converter. 

Modulator 

The RF output of the Signal Gen- 
erator is fed to an -hp- H03-8714A 
solid state Modulator. Like the mod- 
ulator in the Signal Generator, this 
instrument employs electrically con- 
trolled PIN diodes mounted in a strip 
transmission line. Modulation is ac- 
complished by varying the attenua- 
tion of the strip line. The H03-8-7 14A 
is an extensively modified version of 
the -hp-8714A. Special front panel 
controls and connectors are provided 
and special pulse shaping circuitry is 
included. The pulse shaping circuitry 
is necessary to compensate for the 
inherently fast PIN diode switching 
time (of the order of 10 ns), per- 
mitting the RF envelope to closely 
reproduce the video modulating sig- 
nals, The linearity of the modulator 
is approximately ±5% over the 
upper 30 db of the dynamic range. 
This method of post generation mod- 


provide pulse coded video signals 
which simulate DME/ATC ground 
emission information as regards to 
pulse spacing, repetition rate, num- 
ber of pulses, and, to some extent, 
pulse shape. 

In the case of ATC, it is required 
that the second pulse of a train of 
two or three pulses be varied in am- 
plitude from t-1 to — 10 db relative 
to the amplitude of the first pulse. 
The special circuitry within the H03- 
87 14 A Modulator provides this capa- 
bility by generating a video gate (Fig- 
ure 3B), which is related in time to 
the second pulse of the video pulse 
train and adjustable in amplitude by 
means of a front panel control. This 
video gate pulse is relumed to the 
modulator in the H01-8614A Signal 
Generator where it effectively modu- 
lates the RF signal upward or down- 
ward the desired amount (Figure 
3C). The generator output, then, is 
modulated by the H03-8714A which 
turns completely on for each pulse 
(Figure 3D). The resulting pulse am- 
plitudes are determined by the pre- 
viously modulated generator output. 
The linearity of the H03-8714A in- 
ternal circuitry is such that the front 
panel control is calibrated in 0.5 db 
increments over the range of +1 to 
— 10 db and is accurate to ±0.5 db. 
It is apparent that in order to permit 
the upward modulation, it is neces- 


sary to bias the modulator within the 
generator to some level below the 
full on condition. The bias which is 
derived from the H03-8714A Modu- 
lator, can be made to vary the RF 
output over a range of several db by 
means of a control available at the 
front panel. In practice, the level 
which is set corresponds to the Test 
Set calibrated CW output. 



(A) VIDEO SIGNAL APPLIED TO HOS-67MA 
MODULATOR 

(B) VIDEO GATE GENERATED 8Y h03'B714A 
MODULATOR AND APPLiED TO H01*86\4A 
SIGNAL GENERATOR 

(C) HO) '861 4 A SIGN A L GENERATOR RF 
OUTPUT ( VIEWED USING T35054 
fSOtATOa-AtONUTOK HETERODYNE 
MONITOR) 

(0) TEST SET RF OUTPUT (VIEWED USING 
1 2 50 5 A HETERODYNE MONITOR) 

(E) resr SF7 rf output (viewed using 

1 3505A DIODE MONITOR) 


Figure 3. Generation of ATC Ground Station 
Signal (Tit ne Axis ) Microsecond 
per Centime tar) 
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While the DME system does not 
require any differences of relative 
pulse amplitudes, a closely allied sys- 
tem, TACAN (Tactical Air Naviga- 
tion) does. The 892 5 A Test Set has 
provided means to simulate both. See 
Figs. 4 and 5. TACAN utilizes the 
basic DME pulse coded signal but, in 
addition, requires up to 55% ampli- 
tude modulation of the pulse train 
with a composite signal comprised of 
15 cps and 135 cps sine waves. This 
AM provides bearing information. 

While the 892 5 A Test Set is ca- 
pable of providing full TACAN RF 
signals, there is no currently available 
single source of synchronized pulse 
and sine wave signals. However, the 
video TACAN signal may be sim- 
ulated by using an audio oscillator 
(such as the -bp-200CD) in con- 
junction with the Collins 578D-1. 
The upward modulation requires that 
the H03-8714A Modulator be biased 
to a level, in the absence of AM, 
some 4 db below the full on condi- 
tion. The bias is derived internal to 
the Modulator and, as in the ATC 
case, a control available at the front 
panel permits variation of the RF 
output over a range of several db. 
In practice, this is set to a level cor- 
responding to the Test Set calibrated 
CW output. 

Another control, available at the 
front panel of the H03-8714A Mod- 
ulator, permits variation of the Test 
Set CW output signal over a range 
of several db. This allows ease of 
recalibration after extended periods 
of use. 

Isolator-Monitor 

The simulated ground station RF 
signal is fully generated at this point. 
The BRC 1 3505 A Isolator-Monitor 
connects the RF signal to the air- 
borne instrument under test and mon- 
itors the signal for measurement pur- 
poses. In the normal mode of opera- 
tion, the incoming RF signal is passed 
through a low attenuation path (ap- 
proximately 1 db) of a properly ter- 
minated four-port circulator, through 
a coaxial switch .electrically actuated 
from the front panel, to the output 
connector. It is the signal level at 
this connector for which the HOl- 
8614A Signal Generator attenuator 
is calibrated. A cable from this point 
to the antenna jack of the receiver/ 
transmitter under test completes the 
path, The transmitter signal, gener- 



(A) VIDEO SIGNAL APPLIED TO H03-8714A 

modulator 

(B) TEST SET Rf OUTPUT (VIEWED USING 
135QSA HETEROOTNE MONITOR) 

( C ) TEST SET RF OUTPUT (VIEWED USING 
I3S05A DIODE MONITOR) 

Figure 4. Gen»rafton 0 / DME Ground Station 
Signal (Tin ie Axjj 3 /Wicrojoco/icfi 
per CentinidferJ 

ally of high peak power (up to 2000 
walls), returns by way of the same 
route, but is isolated from the equip- 
ment preceding the 13 505 A by the 
30 db minimum insertion loss of the 
circulator jn this direction. Some of 
the transmitter signal is available at 
the remaining two ports of the cir- 
culator, and, after suitable attenua- 
tion, is brought out at the 13505 A 
from panel for frequency and power 
measurements. 

When the 13505 A is used as a 
monitor, the test signal is diverted 
from the output connector by means 
of the coaxial switch and routed to 
the monitoring circuits. Because the 
load is removed from the antenna 
jack of the transmitter under this 
condition of operation, a pair of in- 
terlock terminals are provided on the 
13505A rear panel which may be 
used to automatically de-energize the 
transmitter, if so desired. Two moni- 
toring modes are available by opera- 
tion of the front panel switch : a 
linear heterodyne mixer and a diode 
detector. 

When the 13505A is operated as 
a heterodyne monitor, the signal from 
an internal oscillator operating at 
1025 me is mixed with the test signal 



(A; VIEWED USING I3S05A HETERODYNE 
MONITOR 

(&) VIEWED USING 1 3 SOSA DIODE MONITOR 

figure S. Simulated TACAN Ground Station 
Signal (Approx. 4J% AM — Time Axis 
2 Microseconds p or Centimeter) 

and the difference frequency (IF), 
either plus or minus, is delivered to 
an amplifier. The combined circuitry 
has a bandwidth, at the 3 db points, 
of approximately 10 me. The 1025 
me frequency was chosen because it 
lies between the frequencies of the 
middle DME ground station channels 
(channels 61, 62, and 63) and the 
ATC beacon frequency of 1030 me. 
Thus, the difference frequency in 
either case will fall within die pass 
band of the amplifier. Best results 
are obtained, naturally, when the IF 
frequency is centered in the amplifier 
pass band. Actually, a region of 
about 4 me in range gives equally 
good results due to the presence in 
the mixer output of vestigal sidebands 
which extend far beyond the ampli- 
fier frequency limits. This being the 
case, if the IF frequency is not cen- 
tered within the amplifier pass band, 
the sidebands which are not passed 
on one side of the IF frequency are. 
in part, made up for by the addi- 
tional sidebands passed on the other 
side of the IF frequency. This, in ef- 
fect, increases the apparent band- 
width of the mixer-amplifier combi- 
nation. The output of the heterodyne 
monitor is, available at the 13505A 
front panel for viewing on a suitable 
oscilloscope (such as the -hp- 175A). 
A minimum of lv peak to peak is 
obtained when tbe Test Set signal is 
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— 10 dbm, and the presentation is 
linear within. ±0.5 db over the range 
of test signal levels of ±4 to — 10 
dbm. This provides an accurate 
means of relative amplitude measure- 
ments such as are required for set- 
ting the ATC side lobe suppression 
pulse and the percent amplitude mod- 
ulation of the TACAN signal. 

The bandwidth of the heterodyne 
monitor is more than adequate for 
making pulse shape measurements of 
the DME (or TACAN) pulses, 
which have rise and fall times of 2.5 
jus nominally. However, in the case 
of ATC pulses, which may have rise 
and fall times of 50 ns, an error of 
up to ±40% could result. For accu- 
rate measurement of the ATC pulse 
shape, it is recommended that a 
sampling type oscilloscope (such as 
the -hp-!85B) be used to directly 
observe the 8925A DME/ ATC Test 
Set output signal. 

It should be mentioned, that, due 
to the frequency independence of the 
PJN modulator units, pulse settings 
made using the heterodyne monitor 
(that is with the H01-86L4A Signal 
Generator tuned to the restricted 
band of frequencies which provide a 
heterodyne signal), will remain con- 
stant at any other frequency to which 
the generator is set. Nevertheless, 
should it be desired to employ the 
heterodyne principle at any other fre- 
quency, provision is made on the 
back panel of the 13505A Isolator- 
Monitor for the substitution of an 
external oscillator (capable of 60 mw 
output power) for the internal oscil- 
lator. Also, the internal oscillator is 
capable of being tuned over a small 
range of approximately ±5mc by a 
control available at the 13505A back 
panel. 

When operating the 13505A as a 
diode monitor, the internal oscillator 
is turned off and the mixer then be- 
comes a diode detector with an out- 
put amplified by the same amplifier 
discussed previously. A minimum of 
±0.1 v peak is obtained at the 
13 505 A front panel for a Test Set 
signal of -10 dbm at any frequency 
within the range of the Test Set. As 
with most diode detectors, the output 
is not a linear presentation and care 
must be exercised when using it for 
making measurements. (See Fig. 6/. 
The relationship between the diode 
monitor output and the Test Set RF 
signal may be readily examined by 



Figure 6. Com pa risen of Diode Monitor and 
Heterodyne Monitor Displays of the Same ftf 

Signal (Time Axis i Microsecond 
per Centimeter} 

varying the Signal Generator atten- 
uator in fixed amounts and noting 
the corresponding changes in the 
diode monitor output amplitude. 
While it is not as accurate as the 
heterodyne monitor, the diode moni- 
tor does provide a rapid means of 
making relative measurements at any 
frequency within the range of the 
Test Set. This signal is also used 
when calibrating the overall DME 
system (including the 578D-1 video 
modulator) delay. 

With the 1 3505 A operating in the 
normal mode, portions of the trans- 
mitter power are available at the 
front panel Wavemeter and Pwr 
Meter connectors. The amounts of 
power available are controlled by the 
inclusion of fixed precision atten- 
uators within the 13505A. 

Peak Power Calibrator 

A BRC 8900B Peak Power Cali- 
brator is connected to the Pwr Meter 
output of the 13505A. This is a pro- 
duction unit specially calibrated to 
account for variations in attenuation 
in the system (including cables) pre- 
ceding it. The unit will read peak 
power of 100 to 2000 watts over the 
frequency range of 960 to 1215 me 
to an accuracy of ±1.2 dh. The accu- 
racy of measurement may be im- 
proved to ±0.6 db with special cali- 
bration. Should measurement of other 
power ranges be desired, it may be 
accomplished by changing the fixed 
attenuation within the 13505 A. This 
would be handled on a special order 
basis. For peak powers in excess of 
2000 watts, the user may, with some 
degradation of accuracy, insert ad- 
ditional attenuation between the 
13 505 A and 8900B. external to the 
system. 

In making a power measurement, 
the 8900B basically compares the 


demodulated pulse envelope of the 
signal to be measured and the output 
from an internal dc reference supply. 
A mechanical chopper permits both 
signals to be viewed simultaneously 
using a suitable oscilloscope (-hp- 
175 A). The dc reference is adjusted, 
by means of a front panel control, to 
be equal in amplitude to the demod- 
ulated pulse. The resulting dc refer- 
ence is indicated on the front panel 
meter, which is calibrated to read 
peak RF power. Provision is made 
for readily recalibrating the instru- 
ment against an external bolometer 
or calorimeter. 

The 8900B also provides a means 
for monitoring the transmitter out- 
put pulses. The demodulated pulse is 
brought to a back panel connector 
through a two-stage emitter follower. 
By means of intercabling, this signal 
is available at the Xmlr. Monitor 
connector on the front panel of the 
13505 A for monitoring purposes, 
and, in the case of DME, as the de- 
modulated transmitter interrogation 
signal required by the 578D-1 for 
distance measurement. 

Wavemeter 

The BRC 8905A Wavemeter is 
connected to the Wavemeter con- 
nector on the front panel 6f the 
13505 A and is used to measure the 
frequency of the pulsed output signal 
of the ATC transmitter. The instru- 
ment is composed of a transmission 
type tuneable wavemeter and asso- 
ciated metering circuitry. The front 
panel meter indicates a peak reading 
when the cavity is tuned to tbe in- 
coming frequency. This frequency 
can be read to within ±0.5 me di- 
rectly from a dial calibrated in 0.5 
me increments from 1070 to 1110 
me. The sensitivity of the unit is ad- 
justed for individual Test Set losses, 
so that meter indications are obtained 
for any ATC transmitter signal 
within the specified frequency range 
and within the peak power limits of 
250 to 1000 watts. A video output 
is provided whereby the detected cav- 
ity output may be monitored with a 
suitable oscilloscope for frequency 
measurements of signals having peak 
power as low as 10 watts. 

Interconnecting Cables 

Because the calibration of tbe 
8925 A DME/ ATC Test Set takes 
into account all the known system 
losses and the many interfaces which 
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exist, the over-all system accuracy is 
dependent upon all critical intercon- 
necting cables remaining in then- 
proper locations. To insure this, all 
cables and their associated connec- 
tors are color coded. 


X-Y Plotting with the Types 202H and J 
FM-AM Signal Generators 


CONCLUSION 

The 8925 A is the most complete 
and universal Test Set available for 
the checking of DME and ATC air- 
borne equipment and, because of its 
building block construction, is read- 
ily adaptable to many special applica- 
tions. Its high degree of stability and 
continuous frequency tuning are 
highly desirable features when re- 
garded in the light of possible future 
expansion of the DME system; i.e., 
channel splitting. 

The Test Set is the result of a 
Hewlett-Packard corporate effort and 
the responsible groups are deserving 
of recognition. Individual instruments 
which form part of the Test Set and 
the divisions responsible for their 
development are listed below. 


Instrument 

5245L Electronic 
Counter 


* hp - Division 

Frequency and 
Time Division 


5254A Frequency 
Converter 


Frequency and 
Time Division 


HOl-86l4A Signal 

Generator 


Microwave 

Division 


H03'87 14A Modulator Microwave 
Division 


13505 A Isolator- Monitor Boooton Radio 

Division 

8900B Peak Power Bo on ton Radio 

Calibrator Division 

8905 A Wavemeter Boonton Radio 

Division 
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INTRODUCTION 

A rear panel jack on the Types 
202H and 202J FM-AM Signal Gen- 
erators provides a means for intro- 
ducing an external dc voltage to con- 
trol the output frequency over a lim- 
ited range. The jack permits direct 
coupling, at low rates, to the reac- 
tance tube modulator in the gener- 
ator. This feature, together with the 
improved linearity, automatic level- 
ing, and low FM noise characteris- 
tics of these generators, opens the 
door to applications new to the FM 
signal generator art. 

Two major areas of application 
which make use of the direct-couple 
feature of the 202H and J signal gen- 
erators will be discussed in this ar- 
ticle. One area deals with tests and 
measurements that can be made with 
the signal generator connected with 
an X-Y Plotter, The other area of 
application involves tests aod meas- 
urements that can be made with the 
signal generator connected in an au- 
tomatic frequency control setup or 
system. 

X-Y PLOTTER APPLICATION 

The aforementioned features of the 
202H and J signal generators, to- 
gether with the advantages of the 
X-Y Plotter; i.e., large display, ex- 
tremely good linearity, permancy, 
and reproducibility, make these in- 
struments an excellent combination. 
In this application, sweep widths 
from a few kc to 1 md are possible. 
This pair of instruments, plus a 207H 
Univerter and a 230A Power Ampli- 
fier used as a doubler, yields a po- 
tential frequency range of 100 kc to 
500 me for the applications to be 
discussed in this article. 

The auxiliary equipment required 
depends on the specific test to be 
made. This equipment will be listed 
as each application is discussed. 

The major areas of X-Y Plotter 
application are receiver testing and 
narrow-band filter testing. 



Figure I. Sefup for Checking Discriminator 
Output v*. Frequency 


Receiver Testing 

Receiver tests that can be made to 
advantage with the 202H/J and X-Y 
Plotter are as follows: 

1 . Selectivity or bandwidth versus 
frequency and input, 

2> Discriminator output versus fre- 
quency. 

3. AGC or detector voltage versus 
input level or overload character- 
istics. 

4. Audio/video output versus in- 
put level- 

5. Audio/video fidelity or re- 
sponse versus level. 

The first tests to be discussed will 
be those tests which use a minimum 
of equipment; i.e., selectivity or 
bandwidth versus frequency and RF 
input level, and discriminator output 
versus frequency. If it is assumed 
that the receiver to be tested is in the 
range of (he 202H and J, the con- 
nections and equipment are shown in 
Fig. I. The Plotter may be a Moseley 
Type 2D, 135, etc. The Y axis input 
to the Plotter is connected to the AM 
detector, limiter grid, or discrimi- 
nator output. The X axis input is con- 
nected to the variable dc source. The 
simplest form of variable dc is a 
multi-turn variable potentiometer of 
approximately 10,000 ohms and two 
6- volt batteries connected as shown 
in Fig. 2. This supply will produce 
approximately 600 kc sweep on the 
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202H low band, and about 1200 kc 
on the 202H high band and the 202 J\ 
Reference to the dc FM input curve 
(Fig, 3) will indicate how to opti- 
mize this sweep if necessary. (A func- 
tion generator, such as the -hp- 202A, 
could be used in place of the dc 
source described above.) With the 
equipment connected as shown in Fig. 
1 . typical curves, such as those shown 
in Figs 4 and 5 can be plotted. 

Calibration of Scales 

Before the data in the plotted 
curves can be of value, the X and Y 
axes must be calibrated. The vertical 
scale can usually be read directly, 
using the indicated sensitivity on the 
Y amplifier controls. If more pre- 
cise calibration is necessary, an -hp- 
412A DC Voltmeter may be used in 
shunt with the Y terminals. 

The horizontal X axis may be cal- 
ibrated in a number of ways, depend- 
ing upon the accuracy required and 
the equipment available. The curve 
in Fig. 3 could be plotted as a func- 
tion of the X input sensitivity, as in- 
dicated by the calibration on the X 
amplifier controls. A much more pre- 
cise method, however, utilizes a crys- 
tal calibrator or an -hp- 5243L or 
5245L counter with an -hp- 5253B 
Converter plug-in. Fig. 1 shows the 
setup using the counter. Note that ad- 
ditional attenuators are necessary if 
continuous frequency monitoring is 
desirable. This enables the counter to 
operate at a reasonable level with the 
202H and J. The Type 202 J A has 
50 mv available for continuous 
monitoring. 

It is good practice to calibrate the 
frequency or X axis beginning at the 
most important point, usually the 
center, peak, or zero crossing, de- 
pending upon the curve being plotted. 
There are a number of choices in the 
method of marking. Two possibilities 
are given below. 

1 . Retrace the curve with "pen up" 
and mark a vertical line at the desired 
frequency increments, using the Y 
axis “Zero” control and the "pen 
up/down” control. This procedure 
produces a trace marked as shown in 
Fig. 4. 

2. After checking that the refer- 
ence point is at the desired location, 
reduce the Y signal to zero. Sweep 
the signal generator through the same 
limits and mark the desired incre- 



Figure 2, VtwiafeJe DC Source Uting 
Mufti'* urn Variable Potentiometer 


meots with a vertical line, using the 
Y axis "Zero" control. This proce- 
dure produces a trace calibration as 
shown in Fig. 4. 
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AUTOMATIC FREQUENCY 
CONTROL APPLICATION 

Since it is possible to feed a dc 
signal into the reactance tube mod- 
ulator directly through the DC FM 
INPUT jack, this dc signal might 



Figure 3 . DC. FM Input Curve 


easily be an error signal which is a 
function of some reference. frequency. 
This arrangement, shown in block di- 
agram form in Fig. 6, is helpful in 
reducing the frequency drift per hour 
of the 202H and J signal generators 
by a significant factor. Frequency sta- 
bility of 0-001% per hour is easily 
obtainable with this setup. This im- 
proved stability is valuable in the 
testing of narrow band (about 10 kc) 
systems where drift is a problem. 
System frequency can also be meas- 
ured more precisely on a continuous 
basis with this method, utilizing 
a frequency counter connected as 
shown in Fig. 6. At this point, it is 
well to point out that the AFC cor- 
rection .is not instantaneous. Id fact, 
there is a time constant of approxi- 
mately one-half second, so that short- 
term frequency changes, such as FM 
modulation rates, are not cancelled 
out by the AFC loop. This permits all 
of the standard tests to be performed 
while the long-term drift is corrected. 

Phase Locking 

A slight modification in the area of 
the DC FM INPUT circuit will per- 



RF IHPUT FREQUENCY (MO - 10M >.v 
Figure 5. Overall Receiver Selectivity Curve 
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Figure 6 . 

Setup tor Automatic Frequency Control 



Figure 9. 

Typical Output us. RF Input level Curvei 


mit phase locking, to a suitable ref- 
erence, of the 202H and J signal gen- 
erators. This could considerably re- 
duce phase noise in critical applica- 
tions, but the FM function would be 
cancelled out by the phase lock loop. 
Frequency stability in this case would 
be that of the reference. 


analog 

OUTPUT 



Figure 7. 

Connections For Analog Output v s. Attenuator 



Figure Q. 

Setup for Checking RF Input Level vs. Output 


Output Versus RF Level 

Using the equipment mentioned 
previously, there are other tests that 
can be made with the 202H and J 
signal generators and the X-Y Plotter. 
It is a simple matter to connect a 
double-ended precision potentiometer 
directly to the attenuator shaft by 
removing the knob. Using the circuit 
shown in Fjg. 7, a voltage analogous 
to RF input or attenuation can be 
obtained* The equipment is connected 
as shown in Fig. 8. Typical curves are 
shown in Fig. 9. When the Y axis is 
a function of audio/video voltage, the 
■'AC Voltage" position in the Type 


2D Plotter may be used; otherwise, 
an ac to dc converter or detector 
must be used to obtain a dc signal 
proportional co the audio/ video output. 

Audio/Video Fidelity 
or Response 

If an audio/video oscillator with a 
dc analog output is available, such as 
the DYMEC Model DY-207A, re- 
sponse curves may be plotted directly. 


EASTERN SERVICE 
CENTER TO BE 
ESTABLISHED AT BRC 

In order to provide improved parts 
and repair services for customers in 
the Eastern U.S. F .the Hewlett-Pack- 
ard Company is establishing a new 
Eastern Regional Service Center at 
Boonton Radio Company in Rocka- 
way, N. J. The new facility will pro- 
vide complete parts support and an 
extensive factory-level instrument re- 
pair service. Parts and factory repair 
service will be available for all Hew- 
lett-Packard Company equipment and 
for equipment manufactured by -hp- 
Divisions; including BRC, Dymec, 
Moseley, and Sanborn. 

The new operation will be set up 
in the present BRC plant and will 
occupy about 25,000 square feet of 
space: 10,000 square feet for parts 
warehousing and repair areas and 
1,500 square feet for administrative 
functions. Approximately 90 em- 
ployees will be hired to handle the 
various administrative and technical 
tasks. 

Manager of the new service center, 
under the direction of Bill Myers* 
BRC General Manager, will be AJ 
Thobum, formerly manager of the 
materials handling group in the West- 
ern Service Center. Service Manager 
will be Bob Wolfe, who served as 
Service Manager for RMC Sales Di- 
vision in New York City. Dick Love, 




Al 7hobum 


Bob Wolfe 



DfeJt Lave 


formerly parts manager at the West- 
ern Service Center, will be Parts 
Manager. 

It is expected that the new service 
center, scheduled to begin operations 
on August )7, will provide even bet- 
ter service to all our customers in the 
Eastern region of the countjy. 


ERWIN CONRAD TO BE 
SERVICE ENGINEER 

Erwin Conrad joined BRC in Jan- 
uary of this year as Customer Service 
Supervisor, replacing Ray Tatman 
who has been on special assignment 
pending his return to Corporation 
headquarters in Palo Alto. Erwin 
came to BRC from the RMC Sales 
Division in New York- City, where 
he was Assistant Service Manager 
and had gained seven years of val- 
uable experience in the service of 
Hewlett-Packard products. In his 
present assignment as Customer Serv- 
ice Supervisor, he has been responsi- 
ble for all BRC factory repairs, re- 
placement parts, and general service 
support. 

With the establishment, in August, 
of the new Eastern Regional Service 
Center, announced in this issue, Er- 
win's present operation will be in- 
tegrated into the service center and 
he w'Jl assume new duties as Service 
Engineer for all Boonton Radio prod- 
ucts. In this capacity, he will be re- 
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sponsible for aiding in the prepara- 
tion of field maintenance procedures 
and providing the necessary customer 
support and training for these instru- 
ments. His duties will also include 
the preparation of Service Notes and 
other service publications, to better 
enable -hp- field repair stations and 
customers to properly maintain BRC 
products. 


Q CONTEST WINNER 

The IEEE Show at the Coliseum 
in New York in March found BRCs 
booth bustling with contest hopefuls 
aJl determined to “out-estimate” each 


other in the annual BRC “Guess the 
Q 1 ' contest. This year’s display coil 
was formed with heavy copper wire 
into a configuration not too unlike 
tile BRC logograph. It proved chal- 
lenging to the parade of booth 



8)JJ Mye/j, BftC Genera/ Mana 5 *r y Presents Q 
Meter to Contest Winner George Engert 


visitors. 

The Q of the coil, It turns out, is 
242.6. This is the “indicated 0” and 
represents the average of ten meas- 
urements made at 1 0 me on the Type 
260A Q Meter in the BRC Standards 
Laboratory. 

Winner of the contest, with an es- 
timate of 242,5, is George W. En- 
gert. Project Engineer with MEPCO, 
Inc. in Livingston, N. J. Runners-up 
are Alan Budner of U. S. A. Elec- 
tronic R & D Lab. (240) ; John MuJ- 
queen of MEPCO, Inc. (246.5); and 
T. A. Metz of Polyphase Inst. Comp. 
(248). 

Mr. Engert was awarded a factory 
reconditioned Type t70A Q Meter 
at BRC on June 1 7. 
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A Compact, Versatile 10 to 500 MC Oscillator 


CHANNING S. WILLIAMS, Electrical Engineer 



Figure I. 3200 VHF OscJMofar 


The 3200 A VHF Oscillator (Figure 
1 ) is a compact* versatile general pur- 
pose instrument intended for use in re- 
ceiver and amplifier testing, driving 
bridges, slotted lines, antennas and filter 
networks* and as a local oscillator for 
heterodyne detecror systems in the fre- 
quency range from 10 to 300 me. Com- 
pletely self-contained, the instrument is 
packaged in the new Hewlett-Packard 
modular cabinet, permitting convenient 
bench use as well as rack mounting for 
system applications. The oscillator is 
housed in a rugged aluminum casting 
for maximum stability and extremely 
low leakage. Six frequency ranges are 
provided for adequare band spread on 
a slide rule dial. 

CIRCUIT DESIGN 

The oscillator circuit shown in Fig- 
ure 2, employs push-pull 6DZ4 tubes 
with capacitive aming and a turret sys- 
tem which permits switching of the tank 
circuit inductance on the various fre- 
quency ranges. Feedback is accomplished 
wirh a capacitive divider from one plare 
to the opposite grid, using the grid-to- 
cachode capacitance of the tube, To- 
gether with a fixed mounted capacitor 
from the other plate. This two-cube os- 
cillator is particularly well suited to this 
design because it provides more power 
than a single 6DZ4 tube and feedback 
is obtained by fixed capacitance on the 
top four bands. On the two lower bands, 
drive is reduced by switching in addi- 
tional capacitance from the grids to 
ground. The two-tube oscillaror also 



works well with a split-stator capacitor 
which requires no wiping contacts, 
eliminating a potential source of noise 
and instability. 

In this oscillator, the center of the 
rank is at ground potential and there- 
fore the rotor of the capacitor is also 
at ground potential for RF frequencies. 
Since the center of the oscillator coil is 
also roughly at the neutral or ground 
plane, plate power can be injected from 
this point from a common supply nog 
on the rurret. This ring is a slip ring 
rather than a swirchable contact. Ac- 
tually, the oscillator rurret is so con- 
structed that the center of each coil is 
permanently tied back to this common 
slip ring to individual resistors. These 
resistors serve to break up undesirable 
RF paths, without introducing appre- 
ciable p/ate voltage or RF loss. 


FREQUENCY STABILITY 

The oscillaror is specified for a 
±0.002 °?c srabiliry after a 5 -minute 
warmup. However, typical data shown 
in Figure 3 indicates that, under con- 
trolled conditions, 5 -mi ante stabilities of 
0.000 1 or I part per million, have 
been measured at some frequencies. 

Frequency stability has been ach ieved 
through careful design of the circuit 
components and the use of a substantial 
aluminum casting which provides a 
large thermal mass. Particular care has 
also been given to the mechanical de- 
sign of the mrrec assembly. The detent 
mechanism is positive, assuring accurate 
and stable positioning of the active os- 
cillator inductor. The turret irself is pre- 
cision molded from orlon filled diallyl 
phrhaJare. Turret contacts are con- 
structed of coin silver and runing ca- 
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pacitor contacts ace of coin silver and 
beryllium copper laminate. Both the de- 
tent spring and tuning capacitor con- 
tacts have been subjected co long life 
resrs without failure. The circuit is 
mounted on a silverplared brass chassis 
in such a way that lead lengths have 
been minimized and fundamental cir- 
cuit symmetry has been maintained, 

The position of the tuning capacitor 
is indicated on a large slide rule dial 
which is simultaneously rotated by the 
oscillator range switch mechanism to 
display only the active frequency range. 
The frequency drive mechanism is back- 
lash-free and employs a cable drive. The 
cable consists of a glass core, for di- 
mensional stability, enclosed in braided 
Nylon for long wear and traction. Non- 
conductive cable is used so that entrance 
into the RF enclosure can be made 
through waveguide -below -cutoff rubes, 
permitting low RF leakage without wip- 
ing grounds. The turret drive shaft also 
utilizes nonconductive Fiberglass Epoxy 
which passes through a waveguide- 
be low -cutoff tube into the RF enclosure. 


MODULATION 

The simplified modulation circuit is 
shown -in Figure 4. AM plate modula- 
tion is injected through front panel ter- 
minals from an external source of audio 
power. The modulation signal is im- 
pressed across a resistor in series with 
the plate supply to the oscillator. The 
oscillator is specified at less than 1% 
AM distortion at a level of 30% AM. 
However, modulation up to 30% AM 
can be obtained with a resulting increase 
in distortion. Approximately 30 volts 
RMS into 600 ohms is required from an 
external source to achieve 30% AM. 
60-cycle modulation can be conveniently 
obtained at almost any amplitude de- 
sired. If modulation percentages in ex- 


RF OUTPUT 



Figure 2. Oscillator Circuit 


cess of 40% are required, rhey may 
alternately be obtained by switching ro 
pulse operation and applying a trans- 
former-coupled audio signal in series 
with an adjustable dc (Figure 3); the 
resultant RF level, however, may be 
less chan the specified CW signal. For 
100% modulation, a dc offset voltage 
equal to the peak voltage of the audio 
signal is applied at the modulation ter- 
minals. The maximum voltage (dc off- 
set voltage plus RMS audio voltage) 


should not exceed 133 volts. On the 
range from 260 me ro 300 me, it will 
not be possible ro modulate linearly 
100% since the oscillator will not start 
before the plate voltage reaches some 
appreciable value. 

Because of the direct plate modula- 
tion, some small amount of frequency 
modulation will occur. Typical FM de- 
viation for a fixed audio input level is 
shown graphically in Figure 6, 



Figure 3. Typicol Frequency Drift — For 
5 Minutes After 4-hour Wormup 
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Figure 4. Amplliude Modular ion 
COUPLING 



Figure S. Setup for Obtaining Modulation 
in Excess of 40% 


the modulation terminals in the CW 
position. Since the modulation input 
circuit is ungrounded, either positive or 
negative pulses may be used, provided 
the more positive terminal from the 
generator is connected to the left-hand 
modulation terminals on the 3200A 
front pane/. 



RF OUTPUT 

The RF output of the oscillator is 
available through a unique, simplified 
waveguide-below-cmoff piston attenua- 
tor, shown in Figure 13. This attenuator 
provides a minimum of 120 db attenua- 
tion from maximum output and is ad- 
justed by positioning the piston which 
can be readily locked in place by a ro- 
tary damp. The attenuator piston is 
marked at intervals of 10 db attenua- 
tion. These graduations permit setting 
the attenuator to precise ratios. The at- 
tenuator has a bore diameter of 0.757 
inches, providing an attenuation of 42 
db per inch for all frequencies in the 
range of the instrument. The gradua- 

OLCILLJkTOft 


RF OUT Pllt 



Figure 4. Typical FM Deviation for Fixed Audio Figure 7. Pulse Modulation 

Provision is also made for external input Uvei 

squarewave and pulse modularion 
through rhe front panel term i rials (Fig- 
ure 7)- With the front panel modula- 
rion switch in rhe "pulse” position, the 
Interna) plate voltage supply to the os- 
cillator is disabled and the oscillator 
plates are fed from an external source. 

Any varying source of signal, within 
the rarings of rhe 6DZ4 oscillator rubes, 
whose frequency is not limited by the 
input RF filters, may be applied. The 
signal source may be squarewave or 
pulse or remotely programmed dc. 

Again, some FM will be experienced 
due to direct plate modulation. 

A power capability of 140 volts into 
2000 ohms will drive the oscillator to 
maximum specified output nn all 
ranges. Typically, however, approxi- 
mately 10 volts peak (except 50 volts 
on the 260-500 me range) will produce 
I milliwatt peak power ourput. For 
maximum tube life the peak voltage in 
pulse position should be Jim i red to: 

V |JNlk = 150 —1.8 X V JM ^ 



where V mfKj = the voltage drop across 


Figure B, Typical Maximum Power Output 
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control is provided. This control varies 
the plate voltage on the oscillaror and 
provides precise setcabiliry over a typi- 
cal range as shown in Figure 9. 

With che 3200A operating into a 50- 
ohm load, frequency shift from no load 
to specified output typically is less than 
2%. If the 3200A is operated at maxi- 
mum specified output into 50 ohms and 
then mismatched so as to increase 
VSWR up to 40 db, frequency shift will 
be less than 2% for typical data. See 
Figure 10. 

POWER SUPPLY 

All necessary operating voltages are 
provided by an internal solid-state 
power supply, shown in the simplified 
schematic, Figure )h This supply pro- 
vides regulated dc for the oscillaror fila- 
ments and plates for minimum hum 
modulation and maximum tube life. In 
the circuit, the B supply reference is re- 
turned to regulated B — instead of un- 


Figure 9. Typical SaUability Using Electrical Vernier 


tions also permit reserring to a particu- 
lar power level. The first graduation 
will provide roughly 1 volt into 50 
ohms and the last graduation will pro- 
vide roughly 1 microvolt into 50 ohms. 

The attenuator piston is completely 
re moveable, and the pickup Loop, em- 
ploying a ferrite core for maximum low 
frequency coupling, is completely en- 
capsulated in a low dielectric constant 
resin for maximum stability and pro- 
tection. A simplified schematic of the 
output system is shown in Figure 2. In 
order to provide maximum available 
power output, no inrernal dissipative 


regulated B — . This reduces the current 
change through the reference tube 



i i t j m 

FREQUENCY (»G 


20 30 « AO 


elemenrs are employed. The output cir- 
cuit is designed to feed an external 50- 
ohm load. If critical match or low 


ire 10. Typicol frequency Shif ► — No Load to Specified 
Output and Worst Mismalth 


VSWR is required, a suitable pad may 
be readily connected in series with the 
attenuator output. 

Maximum RF output power is speci- 
fied at greater than 200 milliwatts, 10- 
130 me; greater than 150 milliwatts, 
130-260 me, and greater than 25 milli- 
watts, on the highest range, 260-500 
me. Curves of typical maximum output 
power, as a function of frequency, are 
shown in Figure 8. RF shielding, con- 
sisting of aluminum castings and com- 
pressed braid, will permit measurements 
at levels down to 1 microvolt. 

In addition to the control of RF out- 
put level by positioning the attenuator 
piston, a front panel electrical vernier 
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Figure II Residual FM Due to Hum and Noise 



Figure 13. 3200 A — Disassembled 


board and the power supply may be 
readily disconnected from rhc oscillator 
assembly through a multi ■ conductor 


plug. The entire RF casting can be 
readily removed by loosening just four 
screws. 


New Transistor Test Jig 


Provides Y Parameters -500 KC to 250 MC 

CHARLES W. QUINN, Applications Engineer 


caused by changes in unregulated B — 
or line voltage. The heater reference is 
tapped down from the regulated 150 
voir supply, eliminating rhc need for a 
second reference. A filter in the B + 
supply reduces hum, providing almost 
constant power operation of the osciila- 
ior rubes. Further redncrion in the B 
supply hum is obtained by minimizing 
the common resistance in the B— and 
HTR-{- return leads, and establishing 
the common tie point at rhe RF filter 
on the instrument baseplate casting. 
Residual FM, due to hum and noise, 
for a typical instrument is shown in 
Figure 12. 

Frequency stability of the oscillator, 
as a function of input line voltage 
changes, is specified at 0,001^ for a 
5 -volt change. The 3 200 A oscillator is 
designed for operation with an input 
line voltage of 105 to 125 voles and 
210 to 225 voks, 50 or 60 cps. The 
unit has been operated from a 400 and 
1000 cps power source, however, and 
has typically met its .specifications at 
rhesc higher line frequencies. Power 
consumption is 30 watts. 

MAINTENANCE 

As shown in Figure 13. considerable 
attention has been given to ease of 
maintenance. All of the power supply 
circuits are mounted on a stable circuit 



Figure T. 13510A Transistor Toil Jig 

INTRODUCTION 

Transistor measurement techniques 
utilizing the 250A RX Meter and spe- 
cial jigs built in the Boonton laboratory 
were described in articles published in 
Notebook Numbers 19, 20. and 26 and 
drawings showing rhe const ruccion de- 
tails of these jigs were made available 
to customers upon request. Over the 
past several years, however, Boonron has 
received numerous requests from custo- 
mers to build and market these jigs and, 
as a result, has designed rhe 1 35 1 0 A 
Transistor Tesr Jig (Figure 1), an im- 


provement over rhe original design. 
This new jig is designed to provide con- 
si stant, convenient, and precise readings 
over rhe enrire rhe 500 kc to 250 me 
frequency range of rhe RX Meter. 

DESCRIPTION 

The 135IOA Transistor Tesr Jig con- 
sists of four basic components: a mount- 
ing adapter and three separate plug-in 
test circuits for measuring y k> yi b| and 
y^. Included as parr of rhe jig are bias 
feed and bypassing for an external 
power supply. The jig may be readily 
mounted on the RX Meter using rhe 
existing rear set of accessory holes On 
the ground plate sucrou nding the ter- 
minals. The parameters obtainable from 
rhc RX Merer readings are lisred and 
defined below: 

y JU — Input admittance, common emit- 
ter output circuit shore circuited 

1 1 

— = — 4- p-iCj, = Yu» 

h ^ 

y Ml — Input admittance, common base, 
output circuit short circuited 
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L i 

U 


=r 3 nh 
zz A nh 
— 8,5 rth 
=r 34 nh 


^lead pnd lerminol inductoncoi 


L v L,. zi 3 nh (RX Me Ter terminal inductances) 
C d — distributed capacitance of HIGH 
terminals 

C T = 29 p.( GE Tantalum, 30 v, bypass, HF 
C.>, Ccj — 0.1 juf Scionics Polot, 50 v, 
bypass, VHF 
$ t = RF switch 


Figure 2. Equivalent Test Circuits 


1 1 

= — b jwC* = yub 

hiu R, 

y oe = Output admittance, common emit- 
ter, input circuit short circuited 

l 

= 1- j</>Cp y 2 A fl 

Rp 


DESIGN CONSIDERATIONS 

A jig (or fixture ) designed to work 
over the 250 kc ro 500 me frequency 
range of the RX Meter must, of course, 
be a broadband or untuned device. This 
means rhar the residual inductance 
must be held to a minimum and made 
as consistant as possible from one test 
circuit to another These requirements 
have been met through the careful de- 
sign of the test circuits, The circuits 
have been designed in printed circuit 
form for stability and are precision 
manufactured to insure maximum re- 
peatability. Design of the 1331 0 A jig 
Is such that the RX Meter may be bal- 
anced for one test circuit and then 
used with other test circuits without 
rebalancing. 

The bypassing system (Figure 2) is 
switchabie so that capaciror C» may be 
removed from the circuit over a portion 
of the frequency range, thereby simpli- 
fying the corrections which would have 
to be made in the "crossover region” 
(1 ro 10 me). This switch is normally 
closed for measurements above 10 me 


E B C 



E B C 



Figure 4. Recommended Bias Supply 
Configurations 

limit for current passing through the 
RX Merer terminals is 50 milliamperes. 
Collecror-to-base voltages should not ex- 
ceed 30 volts. Levels at the bridge ter- 
minals should usually be kept below 
20 millivolts. 


TRANSISTOR BIAS 

Bias for the transistor under test is 
provided from an external supply, 
through the filter circuit on the 13510 A 
jig, when the plug-in test circuit board 
is connected to terminals Ti, Ti>, and T : < 
(Figure 2) and the RX Meter termi- 
nals. Any dc supply which has less than 
1 millivolt ripple ( such as rhe -hp- 
721 A) may be used to provide tran- 
sistor bias. Batteries may also be used 
if desired. The ideal supply for this ap- 
plication is one which provides a com- 
bination constant-current, emirrer-base 
supply, and a constant-voltage (with ad- 
justable current limit) for collector- 
base biasing. Many configurations are 
usable. Some examples are shown in 
Figure 4. It should be noted that rhe 


t 


|^r '| ( _t_ T ± ) | (_ ^r 

I (o) (o) (o) 1 

Figure 3. Equivalent Filter Circuit 


CORRECTIONS 

Fox most measurements, direct read- 
ings of the C r and R p dials on the RX 
Meter may be used. In cases of ex- 
tremely low. impedance (below 200 
ohms) and high freqviencies (above ap- 
proximately 50 me), however, some 
correction of these dial readings may be 
desirable. When measuring h^, for ex- 
ample, Correction of the C }l and R p dial 
readings would be indicated. 

Corrections for series inductance can 
be made by adding the series induct- 
ance of the jig to that of the RX Meter. 
The equation to be used for these cor- 
rections is ( Figure 5 ) : 

Y( ) 

(D y( ) = 

y, ~y( 

r* 

O vW 


O 1 

Fig ura S. Correction Equation for 
Sorias Inductance 

For frequencies above 10 me, the value 
of y. is nominally 10 nh. Below 10 me, 
y> is nominally 41 nh; most of which 
is contributed by rhe jig bypass elecrro- 
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Figure 6, y^ vs. frequency Correction — 
Below 50 me 


lytic capacitor, Q. These corrections 
may be obrained more quickly through 
graphical solution as shown in Figures 
6 and 7. For frequencies below 50 me 
and impedances below 200 ohms* rhe 
correcrioa curves in Figure 6 may be 
used. No correction is necessary for R M 
below 50 me, Above 50 me. equation 1 
should be used with the value of y, 
obtained from Figure 7. 

Wirh the corrected values for yi e> y^, 
and y^ } known, y, 0 can be calculated to 
a good approximation by the equation: 

yih — yi* — y« 

(2) y lf = — . 

y»- 

This equation is a more exact expres- 
sion than the eqviation: 

hi t — 

(3) h,. = , 

hjb 

used in Notebooks Numbers 19 and 26. 


EXAMPLE 

The following is an example of the 
procedure and calculations used to de- 
termine rhe y m and y^ parameters 
of an RCA 2N706 transistor urilizing 
the RX Meter and the 135 10 A Tran- 
sistor Test Jig. Measurements were 
made at 250 me wirh a bias supply of 
6 volts, 2 milJiamperes. 



Figure 7. y K vi. Frequency Correction — 
Above 50 me 


Deterniinofion of yj e 

RX Mat sr Readings; 

Rp Cp 

74 ohms + 3^2 pf 

74 ohms — j 200 ohms 

= G + 

Yi, = 13.5 -j- j 5.0 mmhos 
“ 14.4 / -f- 20.6° mmhos 

Series Inductance RX Meter and Jig: 

L* ~ 10 nh, X, — 15.7 ohms, 
y< = — j 62.8 mmhos 
y. = 62.8 / — 90° 

Corrected y^: 


y £ - yi. 

14.4 / + 20.6° X 62.8 / — 90 * 

yj' = 

- j 62 - 13.5 - j 5.0 

900 / - 69.4 ° 

- 13.5 - j 67.8 
900 / ^ 69A° 

68.8 / - 101 . 3 ° 

yi.'= 13-1 / + 3K9° 

= 1 L05 + j 6,9 mmhos 


Determined ion of 
RX Meter Readings: 

Rp Cp 

85 ohms — 2.55 pf 

85 ohms + 250 ohms 

yjb = G + j/? 

= 1 1.8 — j 4.0 mmhos 
= 12.5 / 18.7 ° mmhos 

Series Inductance of RX Meter and Jig : 

y, ^ — 62.8 mmhos 

= 62.8 / — 90 6 mmhos 

Corrected y :b : 

, y* 

y Jb = 

y, - y, b 

1 2.5 /- 18.7 ° 62.8 / — 90° 

yiL = 

_ j 62.8 - 118 -X j 4.0 
785 / - 108,7° 


- 11.8 — j 58.8 
785 / ~ 108.7° 

59.8 / - 101.4° 

— 13-1 / — 7.3° mmhos 
y ib = 13-0 — j 1.67 mmhos 

Determination of y 0 o 

RX Meier Readings; 

Rp Cp 

) 40 ohms + 5.3 pf 
140 ohms — j 120 ohms 

G + j/* 

= mmhos 

7.1 + j 8.35 

= L0.9 / + 49.6° 


Series Inductance of RX Meier and Jig: 

y. = - j 62.8 

= 62.8 / - 90° 


Corrected y^; 

y y« y* 
y« "= 

y> - v** 

10 . 9 / + 49 . 6 C x 62 . 8 / - 90 ° 

yj “ 

- j 62.8 - 7,1 -j 8.3 

684 / - 40.4° 

- j 62.8 - } 71,1 
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684 / - 40.4° 

71.1 / - 957° 

= 9.63 / H~ 5^-3° mmhos 
y = 5.47 + j 7.92 mmhos 

CONCLUSION 

The 13510A Transistor Tesr Jig pro- 
vides a simple and convenient method 
for measuring the V parameters of 
transistors over the range from 300 kc 
to 250 roc. Through careful design, 
residuals have been minimized and, by 
employing printed circuit techniques, 
excellent umt-to-unit uniformity has 
been achieved. By applying the correc- 
tions described in this article, absolute 
measurements to accessories in the order 
of 10% can be obtained. Measurements, 
based directly upon RX Merer dial read- 
ings, provide a good basis for judging 
relative characteristics. 


NEW DIRECT READING 
VECTOR IMPEDANCE 
METER TO BE SHOWN 
AT IEEE SHOW 

The IEEE Show, March 22-25 
in New York City will mark the 
introduction of our new and 
unique Vector Impedance Meter, 
Model 4800 A, which provides au- 
tomatic direct reading impedance 
measurements continuously from 
5 cps ro 500 kc* Impedance mag- 
nitude from 1 ohm to 1.0 meg- 
ohms and phase angle from 0 to 
360 degrees is instantaneously dis- 
played on two front panel me- 
ters. Analog outputs, directly pro- 
portional to impedance magni- 
tude, phase angle, and frequency 
are also available so that, by sim- 
ple connection to an X-Y re- 
corder, direct reading plots of im- 
pedance as a function of frequency 
may be conveniently obtained. 

The Vector Impedance Meter 
will also function as a direct read- 
ing L-C meter covering ranges of 
1 microhenry ro 100,000 henries 
and 0.1 picofarad to 10,000 mi- 
crofarads. By employing the ”Q 
by delta JT approach, Q measure- 
ments can also be made. 

See the new Vector Impedance 
Meter, the new Frequency Dou- 
bler Probe, as well as the VHF 
Oscillator and Transistor Test Jig 
in Booths Nos. 3501-3503. 


NEW ACCESSORY 
500-1000 MC FREQUENCY 
DOUBLER PROBE 


A new Frequency Doubler 
Probe, Model 135 I 5 A, providing 
additional frequency coverage from 
500-1000 me from the 3200A 
VHF Oscillator, will be intro- 
duced at the IEEE Show, March 
22-25- In operation, the Frequency 
Doubler Probe is merely substi- 
tuted for the standard 3 2 00 A at- 
tenuator probe and doubles the 
output frequency of rhe oscillator 
in rhe 250-500 me range. The 
doublcf circuit, housed in the 


probe rip, is all solid-state and re- 
quires no tuning. Tentative spec- 
ifications are given below: 

RF RANGE: 500 to 1000 me* 
*With 3200A operating 260- 
500 me ( Range No. 6), 250- 
260 me (Range No. 5) 

RF OUTPUT: 

Maximum Power: > 4 mw 
(Across external 50 -ohm load 
with VSWR < l.l ) 

HARMONIC SUPPRESSION: 
Fundamental: > 16 db* 

Higher Order: 

> 16 Mb* (500-800 me) 

> 14 db* ( 800- 1000 me) 

* below desired signal 
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